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Slave Processors 


8041AH/8041 AH-2/8641 A/8741A 
UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 


• 
Fully Co~atible 
with MCS-48TM, 


MCS-80T 
, MCS-85TM, and iAPX-86,88 


Microprocessor 
Families 


• 
8041AH-2: 
12 MHz 
8041AH: 8 MHz 


• 8-Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Single Package 


• 
One 8-Bit Status and Two Data 
Registers for Asynchronous 
Siave-to- . 


Master Interface 


• 
DMA, Interrupt, 
or Polled Operation 
Supported 


• 
1024 x 8 ROM/EPROM, 64 x 8 RAM, 
8-Bit Timer/Counter, 
18 Programmable 
I/O Pins 


• 
Interchangeable 
ROM and EPROM 
Versions 


• 
Expandable 
I/O 


• 
RAM Power-Down Capability 


• 
Over 90 Instructions: 
70% Single Byte 


• 
Single 5V Supply 


The Intel® 8041 AH/8741A is a general-purpose, 
programmable 
interface 
device designed for use with a variety 
of 8-bit microprocessor 
systems. It contains 
a low cost microcomputer 
with program 
memory, data memory, 


8-bit CPU, I/O ports, timer/counter, 
and clock in a single 40-pin package. Interface 
registers 
are included 
to 
enable 
the UPI device to function 
as a peripheral 
controller 
in MCS-48™, MCS-80™, iAPX-85™, iAPX-86, 


iAPX-88, and other 8- or 16-bit systems. 


The UPI-41NM 
has 1K words of program 
memory 
and 64 words of data memory on-chip. To allow full user 
flexibility 
the program 
memory 
is available as ROM in the 8041AH version 
or as UV-erasable EPROM in the 
8741A version. 
The 8741A and the 8041AH are fully 
pin compatible 
for easy transition 
from 
prototype 
to 
production 
level designs. The 8741A is a one-time programmable 
(at the factory) 
8741A which can be ordered 
as the first 25 pieces of a new 8041AH order. The substitution 
of 8641As for 8041AHs allows for very fast 
turnaround 
for initial 
code verification 
and evaluation 
results. 


The device has two 8-bit, TTL-compatible 
I/O ports and two test inputs. Individual 
port lines can function 
as 
either inputs or outputs 
under software 
control. 
I/O can be expanded 
with the 8243 device which is directly 
compatible 
and has 16 I/O lines. An 8-bit 
programmable 
timer/counter 
is included 
in the UPI device for 
generating 
timing 
sequences 
or counting 
external 
inputs. Additional 
UPI features 
include: 
single 5V supply, 


low power standby 
mode (in the 8041AH), single-step 
mode for debug and dual working 
register 
banks. 
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Pin 
Symbol 
No. 
Type 
Neme and Function 


TEST 0, 
1 
I 
Test Inputs: 
Input pins which can be 


TEST 1 
39 
directly 
tested 
using 
conditional 


branch instructions. 


Frequency 
Reference: 
TEST 1 (T,) 
also functions as the event timer input 
(under 
software 
control). 
TEST 0 


(To) is used during 
PROM program- 


ming and verification 
in the 8741A. 


XTAL 1, 
2 
I 
Inputs: 
Inputs for a crystal, LC or an 


XTAL 2 
3 
external 
timing 
signal 
to determine 


the internal oscillator 
frequency. 


RESET 
4 
I 
Reset: 
Input used to reset status flip- 
flops and to set the program counter 
to zero. 


RESET is also used during PROM pro- 
gramming 
and verification. 


SS 
5 
I 
Single Step: 
Single step input used 


in the 8741A in conjunction 
with the 
SYNC output 
to step the 
program 
through 
each instruction. 


CS 
·6 
I 
Chip Select: 
Chip select input used 


to select one UPI-41A microcomputer 
out of several connected to a common 
data bus. 


EA 
7 
I 
External 
Access: 
External 
access 


input which allows emulation, testing 
and 
PROM/ROM 
verification. 
This 
pin should be tied low if unused. 


Ro 
8 
I 
Read: 
I/O read input which enables 


the 
master 
CPU to 
read data 
and 
status words from the OUTPUT DATA 
BUS BUFFER or status register. 


Ao 
9 
I 
Command/Data 
Select: 
Address 
in- 
put used by the master processor to 
indicate whether byte transfer is data 


(Ao = 0, F, is reset) or command (Ao = 
I, F, is set). 


WR 
10 
I 
Write: 
I/O write input which enables 
the master CPU to write data and com- 
mand words 
to the UPI-41A INPUT 
DATA BUS BUFFER. 


Pin 
Symbol 
No. 
Type 
Name and Function 


SYNC 
11 
0 
Output 
Clock: 
Output 
signal 
which 


occurs once per UPI-41A instruction 
cycle. SYNC can be used as a strobe 
for external circuitry; 
it is also used to 


synchronize 
single step operation. 


00-07 
12-19 
I/O 
Data Bus: Three-state, 
bidirectional 


(BUS) 
DATA BUS BUFFER 
lines 
used 
to 


interface the UPI-41A microcomputer 
to an 8-bit master system data bus. 


P,o-PH 
27-34 
I/O 
Port 1: 8-bit, PORT 1 quasi-bidirec- 
tional I/O lines. 


P.O-P27 
21-24 
I/O 
Port 2: 8-bit, PORT 2 quasi-bidirec- 


35-38 
tional I/O lines. The lower 4 bits (P.o- 
p.3) interface directly 
to the 8243 I/O 


expander device and contain address 
and data information 
during PORT 4-7 


access. The upper 4 bits (P2.-P27) can 
be programmed 
to provide 
interrupt 


Request and oMA Handshake capa- 
bility. Software control can configure 
P2• as Output Buffer Full (OBF) inter- 
rupt, 
p.5 as Input 
Buffer 
Full (IBF) 


interrupt, 
p.6 
as 
oMA 
Request 


(ORO), and p.7 as oMA ACKnowledge 
(oACK). 


PROG 
25 
I/O 
Program: 
Multifunction 
pin used as 


the 
program 
pulse 
input 
during 


PROM programming. 


ouri ng I/O expander access the PROG 
pin acts'as an address/data strobe to 
the 8243. ihis 
pin should be tied high 
if unused. 


Vcc 
40 
Power: 
+5V main power supply pin. 


Voo 
26 
Power: 
+5V 
during 
normal 
opera- 


tion. 
+25V 
during 
programming 


operation. 
Low power standby pin in 


ROM version. 


Vss 
20 
Ground: 
Circuit 
ground 
potential. 
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UPI·41A™ FEATURES AND 
EN HANCEM ENTS 


1. Two Data Bus Buffers, one for input and one for out· 


put. This allows a much cleaner Master/Slave pro- 
tocol. 


INPUT 
DATA 
BUS 
BUFFER 


(81 


OUTPUT 
DATA 
BUS 
BUFFER 


(8) 


ST4-ST7are user definable status bits. These bits are 
defined 
by the "MOV 8T8, A" 
single 
byte, single 


cycle instruction. 
Bits 4-7 of the accumulator 
are 


moved to bits 4-7 of the status register. Bits 0-3 of 
the status register are not affected. 


3. RD and WR are edge triggered. IBF, OBF, F, and INT 


change internally after the trailing edge of RD or WR. 


During the time that the host CPU is reading the status 
register, the 8041AH is prevented from updating this 
register or is 'locked out.' 


4. P24and P25are port pins or Buffer Flag pins which 


can be used to interrupt a master processor. These 
pins default to port pins on Reset. 


If the "EN FLAGS" instruction 
has been executed, 


P24becomes the OBF (Output Buffer Full) pin. A "1" 
written to P24enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" written to P24disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is available from the UPI· 
41A (in Output Data Bus Buffer). 


If "EN FLAGS" has been executed, P25becomes the 
IBF (Input 
Buffer 
Full) pin. A "1" 
written 
to P25 


enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A "0" written to P25disables the IBF 


pin (the pin remains low). This pin can be used to 
indicate that the UPI·41A is ready for data. 


5. P26and P27are port pins or DMA handshake pins for 


use with a DMA controller. These pins default to port 
pins on Reset. 


If the "EN DMA" instruction 
has been executed, P26 


becomes the DRQ (DMA ReQuest) pin. A "1" written 
to P26causes a DMA request (DRQ is activated). DRQ 
is deactivated by DACK· RD, DACK 'WR, or execution 
of the "EN DMA" instruction. 


If "EN DMA" has been executed, P27becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. 
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8041AH 
ENHANCEMENTS 
OVER 8041A 


1. The RESET input on the 8041AH was changed to in- 


clude a 2 stage synchronizer to support reliable reset 
operation for 12 MHz operation. 


2. As noted in the status register description, during the 


time that the host CPUis reading the status register, the 
8041AH is prevented from updating or is 'locked out.' 


3. When EAis enabled on the 8041A,th'eprogram counter 


is placed on Port 1 and the lower two bits of Port 2. On 
the 8041AH,this information is multiplexed with PORT 
DATA(see port timing diagrams at end of this data 
sheet). 


4. The 8041AHadditionally supports single step mode as 


described in the pin description section. 
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AO 
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DATA BUS 
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PROGRAMMING, 
VERIFYING, 
AND 
ERASING 
THE 8741A EPROM 


Programming 
Verification 


In brief, 
the programming 
process consists of: 
activating 


the 
program 
mode, 
applying 
an 
address, 
latching 
the 


address, applying 
data, and applying 
a programming 
pulse. 


Each word 
is programmed 
completely 
before moving on to 


the next and is followed 
by a verification 
step. 
The follow- 


ing is a list of the pins used for programming 
and a descrip- 


tion of their functions: 


Pin 


XTAL 
1 


Reset 


Test 0 


EA 
BUS 


Function 


Clock Input 
(1 to 6MHz) 


, Initialization 
and Address Latching 


Selection of Program or Verify 
Mode 


Activation 
of Program/Verify 
Modes 


Address and Data Input 


Data Output 
During Verify 


Address Input 


Programming 
Power Supply 


Program Pulse Input 


P20-1 
Voo 


PROG 


An 
attempt 
to 
program 
a missocketed 
8741 A will 
result 
i.n severe 


damage 
to the 
part. 
An indication 
of a properly 
socketed 
part is the 


appearance 
of the 
SYNC 
clock 
output. 
The 
lack 
of this clock 
may 


be used to disable 
the programmer. 


1. 
AO= 
OV. CS = 5V, 
EA = 5V, 
RESET 
= OV, TESTO 
= 5V, 


VDD = 5V, 
clock 
applied 
or internal 
oscillator 
operating, 


BUS and PROG floating. 


2. 
Insert 
8741A 
in programming 
socket 


3_ 
TEST 
0 = Ov (select program 
mode) 


4. 
EA ~ 23Y (activate program 
model) 1 


5. 
Address appl ied to BUS and P2D-1 


6. 
RESET 
= 5v (latch 
addressl 


7. 
Data applied to BUS2 


8. 
Yaa = 25v (programming 
power)2 


9. 
PROG = Ov followered 
by one 50ms pulse to 23y2 


10. 
VDD = 5v 


11. 
TEST 
0 = 5v (verifv 
mode) 


12. 
Readand verify data on BUS 


13. 
TEST 0 = Ov 


14. 
RESET= Ovand repeatfrom step5 


15. 
Programmer should be at conditions 
of step 1 when 


8741 A is removed from socket. 


NOTE: 
1. When verifying ROM, EA = 12V. 
2. Not used in verify ROM procedure. 


8741A Erasure Characteristics 


The erasure characteristics 
of the 8741A are such that 


erasure begins to occur when exposed to light 
with 


wavelengths 
shorter 
than 
approximately 
4000 Ang- 


stroms (A). It should be noted that sunlight and certain 
types of fluorescent 
lamps have wavelengths 
in the 


3000-4000A range. Data show that constant exposure to 
room level fluorescent 
lighting 
could erase tile typical 


8741A in approximately 
3 years while it would take ap- 


proximately one week to cause erasure when exposed 
to direct sunlight. If the 8741A is to be exposed to these 
lypes of lighting 
conditions 
for extended 
periods 
of 
time, 
opaque 
labels 
are available 
from 
Intel 
which 


should 
be placed over the 8741A window 
to prevent 


unintentional 
erasure. 


The recommended erasure procedure for the 8741A is 
exposure 
to shortwave 
ultraviolet 
light 
which 
has a 


wavelength of 2537A. The integrated dose (i.e., UV inten- 
sity x exposure time) for erasure should be a minimum 
of 15 w-sec/cm2. The erasure time with this dosage is 
approximately 
15 to 20 minutes 
using 
an ultraviolet 


lamp with 
a 12,000 ",W/cm2 
power rating. The 8741A 


should be placed within one inch of the lamp tubes dur- 
ing erasure. Some lamps have a filter 
on their tubes 


which should be removed before erasure. 
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"NOTICE: Stresses above those listed under "Abso/ute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Ambient Temperature 
Under Bias_ 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin With Respect 


to Ground 
. .. 
-O.5V 
to +7V 


Power Dissipation 
1.5 Watt 


8041AH/ 
8041AH-2 
8641A/8741A 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 
Test Conditions 


Vil 
Input Low Voltage (Except XTAL1, XTAL2', 
-0.5 
0.8 
-0.5 
0.8 
V 
RESET 


VIL1 
Input Low Voltage (8XTAL1, XTAL2, 
RESET) 
-0.5 
0.6 
-0.5 
0.6 
V 


VIH 


Input High Voltage (Except XTAL1, XTAL2, 
2.2 
Vee 
2.2 
Vee 
RESET 


VIH1 
Input High Voltage (XTAL1, XTAL2, RESET) 
3.8 
Vee 
3.8 
Vee 
V 


VOL 
Output Low Voltage (Do-[ry) 
0.45 
0.45 
V 
IOl = 2.0 mA 


VOL1 
Output Low Voltage (P1QP17,P20P27, 
Sync) 
0.45 
0.45 
V 
IOl = 1.6 mA 


VOl2 
Output Low Voltage (Prog) 
0.45 
0.45 
V 
IOl = 1.0 mA 


VOH 
Output High Voltage (Do-D7) 
2.4 
2.4 
V 
IOH = -400 IJoA 


VOH1 
Output High Voltage (All Other Outputs) 
2.4 
2.4 
V 
IOH = -501JoA 


III 
Input Leakage Current (To, T1, RD, WR, 
±10 
±10 
IJoA 
VSS '" VIN ~ Vee 
CS,Ao, EA) 


Output Leakage Current (DO-D7,High Z 
VSS + 0.45 


loz 
State) 
±10 
±10 
IJoA 
"'Vour 
"'Vee 


III 
Low Input Load Current (P10P17, P20P27) 
0.3 
0.3 
mA 
V1l = 0.8V 


ILl1 
Low Input Load Current (RESET, sS) 
0.2 
0.2 
mA 
Vil = 0.8V 


100 
VOO Supply Current 
15 
15 
mA 
Typical = 5 mA 


Ice + 
Total Supply Current 
125 
125 
mA 
Typical = 60 mA 
100 


IIH 
Input Leakage Current 
100 
100 
NA 
VIN = Vee 


CIN 
Input Capacitance 
10 
10 
pF 


Clio 
I/O Capacitance 
20 
20 
pF 
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Symbol 
Parameter 
Min. 
Max. 
Unit 
Test 
Conditions 


VOOH 
Voo 
Program 
Voltage 
High 
Level 
240 
260 
V 


VOOl 
Voo 
Voltage 
Low 
Level 
475 
5.25 
V 


VPH 
PROG 
Program 
Voltage 
High 
Level 
215 
24.5 
V 


VPl 
PROG 
Voltage 
Low 
Level 
02 
V 


VEAH 
EA Program 
or Verify 
Voltage 
High 
Level 
215 
245 
V 


VEAL 
EA Voltage 
Low 
Level 
. 525 
V 


100 
Voo 
High 
Voltage 
Supply 
Current 
300 
mA 


IpROG 
PROG 
High 
Voltage 
Supply 
Current 
160 
mA 


lEA 
EA High 
Voltage 
Supply 
Current 
10 
mA 


A.C. CHARACTERISTICS 
(Tee = O°C to +70°C, 
Vss = OV,Vee = Voo = +5V 
±10%) 
DBB READ 


8041AH 
8041AH·2 
8641 A/8741 A 
Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAR 
CS, Ao Setup 
to RD! 
0 
0 
0 
ns 


tRA 
CS, Ao Hold After 
ROt 
0 
0 
0 
ns 


tRR 
RD Pulse Width 
250 
ns 


tAD 
CS, Ao to Data Out Delay 
130 
130 
225 
ns[1l 


tRO 
RD! to Data Out Delay 
130 
130 
225 
ns[1l 


tOF 
ROt to Data Float 
Delay 
85 
85 
100 
ns 


teY 
Cycle Time 
(Except 
8741A-8) 
2 
15 
1.25 
15 
2.5 
15 
JLs[2l 


teY 
Cycle Time 
(8741A-8) 
4.17 
15 
JLs[3l 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAW 
CS, Ao Setup 
to WR! 
0 
0 
0 
ns 


tWA 
CS, Ao Hold After 
0 
0 
0 
ns 


WRt 


tww 
WR Pulse Width 
160 
160 
250 
ns 


tow 
Data Setup 
to WRt 
130 
130 
150 
ns 


two 
Data Hold After 
WRt 
0 
0 
0 
ns 


NOTES: 


1. CL = 150 pF. 


2. 8,12,6 
MHz XTAL respectively. 


3. 3.6 MHz XTAL. 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test 
Conditions 


tAW 
Address 
Setup 
Time 
to RESET 
1 
4tcy 


tWA 
Address 
Hold 
Time 
After 
RESET 
1 
41Cy 
- 


tow 
Data 
in Setup 
Time 
to PROG 
1 
, 
4tcy 


two 
Data 
in Hold 
Time 
After 
PROG 
I 
~ 
4tcy 


tPH 
RESET 
Hold 
Time 
to Verify 
i 
41Cy 


tyOOW 
Voo 
Setup 
Time 
to PROG 
1 
41Cy 
j. 


tYOOH 
Voo 
Hold 
Time 
After 
PROG 
I 
0 


tpw 
Program 
Pulse 
Width 
50 
60 
mS 


ITW 
Test 
0 Setup 
Time 
for 
Program 
Mode 
.. 
41Cy 


tWT 
Test 
0 Hold 
Time 
After 
Program 
Mode 
41Cy 


too 
Test 
0 to 
Data 
Out 
Delay 
41Cy 


tww 
R~SET 
Pulse 
Width 
to Latch 
Address 
4tcy 


fr. tf 
Voo 
and 
PROG 
Rise 
and 
Fall 
Times 
0.5 
20 
/lS 


tCY 
CPU 
Operation 
Cycle 
Time 
" 
50 
/lS 


tRE 
RESET 
Setup 
Time 
Before 
EA I. 
.~- 
41Cy 


A.C. CHARACTERISTICS 
DMA 


-'" 
L 
- 
8041AH 
8041AH·2 
8641 A/8741 A 


I 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tACC 
DACK 
to WR or RD 
0 
0 
0 
ns 


tCAC 
RD or WR to DACK 
. 
, 


0 
0 
0 
ns 


tACO 
DACK 
to Data Valid 
130 
130 
225 
ns[1] 


tCRQ 
RD or WR to DRO 
Cleared 
90 
90 
200 
ns 


A.C. CHARACTERISTICS 
PORT 
2 
(TA = O°C to 
+70°C, 
VCC = +5V 
±10%) 


8041AH 
8041AH-2 
8641A/8741A 
Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tcp 
Port 
Control 
Setup 
Before 
Falling 
100 
100 
110 
ns[1] 


Edge 
of PROG 


tpc 
Port 
Control 
Hold 
After 
Falling 
60 
100 
ns[2] 


Edge 
of PROG 


tpR 
PROG 
to Time 
P2 Input 
Must 
Be Valid 
810 
ns[1] 


tpF 
Input 
Data 
Hold 
Time 
0 
150 
0 
150 
0 
150 
ns[2] 


top 
Output 
Data 
Setup 
time 
200 
250 
ns[1] 


tpo 
Output 
Data 
Hold 
Time 
65 
ns[2] 


tpp 
PROG 
Pulse 
Width 
700 
1200 
ns 


60 mA 


00 
+ 
40 mA 
uu 


20mA 


<.: 
15 pF 


(INCLUDES 
XTAL. 


SOCKET. 
STRAY) 


r----- 
,,, 


...L 
T', 
I,L 
_ 


1S-2SpF 


(INCLUDES 
SOCKET. I 


STRAY) 
--= 


BOTH 
XTAl1 
AND 
XTAl2 
SHOULD 
BE DRIVEN. 


RESISTORS 
TO Vec 
ARE 
NEEDED 
TO ENSURE 
VIH = 3.8V 


IF TTl 
CIRCUITRY 
1$ USED . 


...h.. 
..£. 
NOMINAL 
I 


45 ••H 
20 pF 
5.2 MHz 
120 ••H 
20pF 
3.2 MHz 


-,.o~ 
~OF 
----'.0 


DATABUS 
~------- 


(OUTPUT 
I 
----------- 
--- 
DATAVAlI~ 
----------- 


inter 


"...~ 
r 
:;m~·.". 


~-"W---~-====-~-'D-w~~~-4-~·W~'--.,-~~~~~-----------------'WR'TECONTROLI 


__I 


VERIFY~ 
PROGRAM 


- - -< 
NEXT 
ADDR x== 
VALID 
DBo-DB, J-- 


+23 


PAOG +5-------- 
--- 


+0 


inter 


J-- 
\_-_/ 
\_-- 


---"\r 
tww 


RESET 
"1\ 
_ 


- - -<"" __ A_~_~_~_:SS 
__ 
",,X__N_O~_~_\_~_~_~ri_>- 
- - - - - - . 


______ 
X 
A_0_0_R_ES_S_18_-_91_V_A_L_IO 
X"" 
N_E_X_T_AO_O_R_E_SS_V_A_L_IO 
_ 


NOTES: 


,. 
PROG 
MUST 
FLOAT 
IF EA IS LON 
(i.•.• = 23V). 
OR IF TO =5V 
FOR THE 
8741A. 
FOR THE 
8041AH 
PROG 
MUST ALWAYS 
FLOAT. 


2. 
XTAL1 
and 
XTAL2 
ORIVEN 
BY 3.6 MHz 
CLOCK 
WILL 
GIVE 
4.17 "see 
ICY. THIS 
IS ACCEPTABLE 
FOR 8741A-8 
PARTS 
AS WELL 
AS STANDARD 
PARTS. 


3. 
AD MUST 
BE HELD 
LON 
(I. •.• = OV) DURING 
PROGRAMNERIFY 
MODES. 


4. 
TEST 
0 MUST 
BE HELD 
HIGH. 


The 8741A EPROM can be programmed 
by either of two 


Intel products: 


1. PROMPT·48 Microcomputer 
Design Aid, or 


2. Universal 
PROM Programmer 
(UPP series) peripheral 
of the Intellec~ 
Development 
System with a UPP-848 
Personality 
Card. 


)~~{ 


AD -----I'A-C~CAC;- 


WR 
I 


I 


I 


PORT TIMING 
DURING 
EA 


SYNC 
/ 
\ 
/ 
\ 


P'O-l1 
X 
X 
X 


PORT 
PC 
PORT 
PC 


P20-21 
DATA 
DATA 


ON THE 
RISING 
EDGE 
OF SYNC AND 
EA 1$ ENABLED, 
PORT 
DATA IS VALID 
AND 
CAN BE 


$TROBED. 
ON THE TRAILING 
EDGE 
OF SYNC THE PROGRAM 
COUNTER 
CONTENTS 
ARE 


AVAILABLE. 


Mnemonic 
Description 
I Bytes 
Cycles 


ACCUMULATOR 


ADD A, Rr 
Add register to A 
1 
1 


ADD A, @Rr 
Add data memory 
1 
1 
to A 


ADD A, #data 
Add immediate to A 
2 
2 


ADDCA, Rr 
Add register to A 
1 
1 
with carry 
ADDCA,@Rr 
Add data memory 
1 
1 
to A with carry 


ADDC A, #data 
Add immediate 
2 
2 
to A with carry 


ANLA, Rr 
AND register to A 
1 
1 


ANLA, @Rr 
AND data memory 
1 
1 
toA 


ANLA, #data 
AND immediate to A 
2 
2 


ORL A, Rr 
OR register to A 
1 
1 


ORLA, @Rr 
OR data memory 
1 
1 
to A 


ORL A, #data 
OR immediate to A 
2 
2 


XRL A, Rr 
Exclusive OR regis- 
1 
1 
ter to A 


XRLA,@Rr 
Exclusive OR data 
1 
1 
memory to A 


XRL A, #data 
Exclusive OR imme- 
2 
2 
diate to A 


Mnemonic 
Description 
Bytes 
Cycles 


DATAMOVES 


MOVA, Rr 
Move register to A 
1 
1 


MOVA,@Rr 
Mov~ data memory 
1 
1 


toA 
MOVA, #data 
Move immediate 
2 
2 


TOA 
MOV Rr, A 
Move A to register 
1 
1 


MOV@Rr,A 
Move A to data 
1 
1 


memory 
MOV Rr, #data 
Move immediate to 
2 
2 


register 
MOV@Rr, 
Move immediate to 
2 
2 


#data 
data memory 
MOVA, PSW 
Move PSWtoA 
1 
1 


MOVPSW, A 
Move A to PSW 
1 
1 


XCH A, Rr 
Exchange A and 
1 
1 


register 
XCH A, @Rr 
Exchange A and 
1 
1 


data memory 
XCHD A, @Rr 
Exchange digit of A 
1 
1 


and register 
MOVPA,@A 
Move to A from 
1 
2 


current page 
MOVP3, A,@A 
Move to A from 
1 
2 


cage 3 


Mnemonic 
Description 
Bytes 
Cycles 


ACCUMULATOR 


INCA 
Increment A 
1 
1 
DECA 
Decrement A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement A 
1 
1 
DAA 
Decimal Adjust A 
1 
1 
SWAPA 
Swap nibbles of A 
1 
1 
RLA 
Rotate A left 
1 
1 
RLCA 
Rotate A left through 
1 
1 
carry 
RRA 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
1 
1 
through carry 


INPUT/OUTPUT 


IN A, Pp 
Input port toA 
1 
2 
OUTL Pp, A 
Output A to port 
1" 
2 
ANL Pp, #data 
AND immediate to 
2 
2 
port 
ORL Pp, #data 
OR immediate to 
2 
2 
port 
IN A, DBB 
Input DBB to A, 
1 
1 
clear IBF 
OUT DBB, A 
Output A to DBB, 
" 
1 
1 
set OBF 
MOV STS, A 
A4-A7 to Bits 4-7 of 
1 
1 
Status 
MOVD A, Pp 
Input Expander 
1 
2 
port to A 
MOVD Pp, A 
Output A to 
1 
2 
Expander port 
ANLD Pp, A 
AND A to Expander 
1 
2 
port 
ORLD Pp, A 
OR A to Expander 
1 
2 
port 


TIMER/COUNTER 


MOVA, T 
Read Timer/Counter 
1 
1 
MOVT, A 
Load ;rimer/Counter 
1 
1 
STRT T 
Start Timer 
1 
1 
STRT CNT 
start Counter 
1 
1 
STOP TCNT 
Stop Timer/Counter 
1 
1 
EN TCNTI 
Enable Timer/ 
1 
1 
Counter Interrupt 
DIS TCNTI 
Disable Timer/ 
1 
1 
Counter Interrupt 


CONTROL 


EN DMA 
Enable DMA Hand- 
1 
1 
shake Lines 
EN I 
Enable IBF Interrupt 
1 
1 
DIS I 
Disable IBF Inter- 
1 
1 
rupt 
EN FLAGS 
Enable Master 
1 
1 
Interrupts 
SEL RBO 
Select register 
1 
1 
bank 0 
SEL RB1 
Select register 
1 
1 
bank 1 
NOP 
No Operation 
1 
1 


Mnemonic 
Description 
IBytes 
Cycles 


REGISTERS 


INC Rr 
Increment register 
1 
1 
INC @Rr 
Increment data 
1 
1 
memory 
DEC Rr 
Decrement register 
1 
1 


SUBROUTINE 


CALL addr " 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


FLAGS 


CLR C 
. 
Clear Carry 
1 
1 
CPLC 
Complement Carry 
1 
1 
CLR FO 
Clear Flag 0 
1 
1 
CPL FO 
Complement Flag 0 
1 
1 
CLR F1 
Clear F1 Flag 
1 
1 
CPL F1 
Complement F1 Flag 
1 
1 


BRANCH 


JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ Rr, addr 
Decrement register 
2 
2 
and jump \" 


JC addr 
Jump on Carry=1 
2 
2 
JNC addr 
Jump on Carry=O 
2 
2 
JZ addr 
Jump on A Zero 
2 
2 
JNZ addr 
Jump on A not Zero 
2 
2 
JTOaddr 
Jump on TO=1 
2 
2 
JNTOaddr 
Jump on TO=O 
2 
2 
JT1 addr 
Jump on T1=1 
2 
2 
JNT1 addr 
Jump on T1=0 
2 
2 


I JFOaddr 
Jump on FOFlag= 1 
2 
2 
JF1 addr 
Jump on F1 Flag=1 
2 
2 
JTF addr 
Jump on Timer Flag 
2 
2 


= 1, Clear Flag 
JNIBF addr 
Jump on IBF Flag 
2 
2 
=0 
JOBF addr 
Jump on OBF Flag 
2 
2 


=1 
JBb addr 
Jump on Accumula- 
2 
2 
tor Bit 


8042/8742 
UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 


• 8042/8742: 
12 MHz 


• Pin, Software and Architecturally 
Compatible 
with 8041A18741A18041AH 


• 8·Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Single Package 


• 2048 x 8 ROM/EPROM, 
128 x 8 RAM, 


8·Bit Timer/Counter, 
18 Programmable 
110 Pins 


• One 8·Bit Status and Two Data 
Registers for Asynchronous 
Slave·to·Master 
Interface 


• DMA, Interrupt, or Polled Operation 
Supported 


• Fully Compatible 
with MCS·48™, 


MCS·51™, MCS·80™, MCS·85™, and 
iAPX·86, 88 Microprocessor 
Families 


• Interchangeable 
ROM and EPROM 


Versions 


The Intel 8042/8742 is a general-purpose 
Universal Peripheral Interface that allows the designer to grow his own 
customized 
solution for peripheral device control. It contains a low-cost microcomputer 
with 2K of program memory, 


128 bytes of data memory, 8-bit CPU, I/O ports, 8-bit timer/counter, 
and clock generator in a single 40-pin package. 
Interface 
registers 
are included 
to enable the UPI device to function 
as a peripheral controller 
in the MCS-48™, 


MCS-51™, MCS-80™, MCS-85™, iAPX·88, iAPX-86 and other 8-, 16·bit systems. 


The 8042/8742 is software, pin, and architecturally 
compatible with the 8041AH, 8741A. The 8042/8742 doubles the on- 
chip memory space to allow for additional 
features and performance to be incorporated 
in upgraded 8041AH/8741A 
designs. For new designs, the additional 
memory and performance of the 8042/8742 extends the UPI concept to more 
complex motor control tasks, 80-column printers and process control applications 
as examples. 


To allow full user flexibility, 
the program memory is available as ROM in the 8042 version or as UV-erasable EPROM in 
the 8742 version. The 8742 and the 8042 are fully pin compatible for easy transition 
from prototype to production 
level 
designs. The 8642 is a one-time programmable (at the factory) 8742 which can be ordered as the first 25 pieces of a new 
8042 order. The substitution 
of 8642's for 8042's allows for very fast turnaround for initial code verification 
and evalua· 


tion results. 


The device has two 8-bit, TIL compatible 
I/O ports and two test inputs. Individual port lines can function 
as either 
inputs or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible 
and 
has 16 I/O lines. An 8-bit programmable timer/counter 
is included in the UPI device for generating timing sequences or 
counting 
external inputs. Additional 
UPI features include: single 5V supply, low power standby mode (in the 8042), 


single-step mode for debug, and dual working register banks. 
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Pin 
Symbol 
No. 
Type 
Name 
and Function 


TEST 0, 
1 
I 
Test Inputs: 
Input pins which 
can be 


TEST 1 
39 
directly 
tested 
using 
conditional 
branch 
instructions. 


Frequency 
Reference: 
TEST 
1 (T,) 
also functions 
as the event timer 
in· 
put (under software 
control). 
TEST 0 


(To) is used during 
PROM program· 
ming and verification 
in the 8742. 


XTAL 1, 
2 
I 
Inputs: 
Inputs for a crystal, 
LC or an 


XTAL 2 
3 
external 
timing 
signal 
to determine 
the internal 
oscillator 
frequency. 


RESET 
4 
I 
Reset: 
Input used to reset status flip- 


flops and to set the program 
counter 
to zero. 


RESET is also used during 
PROM pro- 
gramming. 
and verification. 


SS 
5 
I 
Single 
Step: 
Single 
step input 
used 


in conjunction 
with 
the 
SYNC out· 
put 
to 
step 
the 
program 
through 
each instruction. 


CS 
6 
I 
Chip Select: Chip select input used to 
select one UPI microcomputer 
out of 
several connected 
to a common 
data 
bus. 


EA 
7 
I 
External 
Access: 
External 
access 
input which 
allows emulation, 
testing 
and 
PROM/ROM 
verification. 
This 
pin should 
be tied low if unused. 


RD 
8 
I 
Read: 
I/O read input 
which 
enables 
the 
master 
CPU 
to 
read 
data 
and 
status words 
from the OUTPUT DATA 
BUS BUFFER or status 
register. 


Ao 
9 
I 
Command/Data 
Select: Address 
input 
used by the master 
processor 
to in· 
dicate 
whether 
byte transfer 
is data 


(Ao=O, 
F1 
is 
reset) 
or 
command 
(Ao= 1, F1 is set). 


WR 
10 
I 
Write: 
I/O write input which enables 
the 
master 
CPU to write 
data 
and 


command 
words 
to the UPI INPUT 
DATA BUS BUFFER. 


Pin 
Symbol 
No. 
Type 
Name 
and Function 


SYNC 
11 
0 
Output 
Clock: 
Output 
signal 
which 


occurs 
once 
per 
UPI·42 Instruction 


cycle'. SYNC can be used as a strobe 
for external 
circuitry; 
it is also used to 


synchronize 
single step operation. 


00-07 
12-19 
I/O 
Data 
Bus: 
Three-state, 
bidirectional 


(BUS) 
DATA BUS BUFFER lines used to in' 
terface 
the UPI·42 microcomputer 
to 


an 8-bit master system 
data bus. 


P,o-P17 
27-34 
I/O 
Port 
1: 8-bit, 
PORT 1 quasi-bidirec- 


tional 
I/O lines. 


P2O-P27 
21-24 
I/O 
Port 
2: 8-bit, 
PORT 2 quasi-bidirec- 


35-38 
tional 
I/O lines. The lower 4 bits 
(P20- 


P23) interface 
directly 
to the 8243 I/O 


expander 
device and contain 
address 


and data information 
during 
PORT 4-7 


access. The upper 4 bits (P24-P27) can 
be programmed 
to provide 
interrupt 


Request 
and DMA Handshake 
capa- 


bility. Software 
control 
can configure 


P24 as Output 
Buffer 
Full (OBF) inter- 


rupt, 
P25 as Input 
Buffer 
Full 
(IBF) 


interrupt, 
P2• 
as 
DMA 
Request 


(ORO), and P27 as DMA ACKnowledge 
(DACK). 


PROG 
25 
I/O 
Program: 
Multifunction 
pin used as 


the 
program 
pulse 
input 
during 


PROM programming. 


Duri ng I/O expander 
access the PROG 


pin acts as an address/data 
strobe 
to 


the 8243. This pin should 
be tied high 


if unused. 


Vcc 
40 
Power: 
+5V main power 
supply 
pin. 


Voo 
26 
Power: 
+ 5V 
during 
normal 
opera- 


tion. 
+ 21V 
during 
programming 


operation. 
Low power standby 
pin in 


ROM version. 


Vss 
20 
Ground: 
Circuit 
ground 
potential. 


1. Two Data Bus Buffers, one for input and one for out- 
put. This allows a much cleaner Master/Slave pro- 
tocol. 


INPUT 
DATA 
BUS 
BUFFER 


(8) 


OUTPUT 
DATA 
BUS 
BUFFER 


(8) 


ST4-ST7are user definable status bits. These bits are 
defined by the "MOV STS, A" single 
byte, single 


cycle instruction. 
Bits 4-7 of the accumulator 
are 


moved to bits 4-7 of the status register. Bits 0-3 of 
the status register are not affected. 


3. RD and WR are edge triggered. IBF, OBF, F, and INT 


change internally after the trailing edge of RD or WR. 


During the time that the host CPU is reading the 
status register, the 8042/8742 is prevented from up· 
dating this register or is 'locked out.' 


4. P24and P25are port pins or Buffer Flag pins which 


can be used to interrupt a master processor. These 
pins default to port pins on Reset. 


If the "EN FLAGS" instruction 
has been executed, 
P24becomes the OBF (Output Buffer Full) pin. A "1" 
written to P24enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" written to P24disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is available from the UPI· 
41A (in Output Data Bus Buffer). 


If "EN FLAGS" has been executed, P25becomes the 
IBF (Input 
Buffer 
FUll) pin. A "1" 
written 
to P25 


enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A "0" written to P25disables the iBF 


pin (the pin remains low). This pin can be used to 
indicate that the UPI·42 is ready for data. 


5. P26and P27are port pins 'or DMA handshake pins for 


use with a DMA controller. These pins default to port 
pins on Reset. 


If the "EN DMA" instruction 
has been executed, P26 


becomes the DRQ (DMA ReQuest) pin. A "1" written 
to P26causes a DMA request (DRQ is activated). DRQ 
is deactivated by DACK· RD, DACK· WR, or execution 
of the "EN DMA" instruction. 


If "EN DMA" has been executed, P27becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. 


6. The RESETinput on the 804218742 includes a 2·stage 


synchronizer to support reliable reset operation for 
12 MHz operation. 


7. When EA is enabled on the 8042/8742, the program 


counter is placed on Port 1and the lower three bits of 
Port 2 (MSB= P22,LSB= P1ol. On the 804218742 
this 


information is multiplexed with PORTDATA (see port 
timing diagrams at end of this data sheet). 


8. The 
804218742 
supports 
single 
step 
mode 
as 


described in the pin description section. 
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DEVICES 


PROGRAMMING, 
VERIFYING, 
AND 
ERASING 
THE 8742 EPROM 


Programming 
Verification 


In brief, 
the 
programming 
process consists 
of: 
activating 


the 
program 
mode, 
applying 
an 
address, 
latching 
the 


address, applying 
data, and applying 
a programming 
pulse. 


Each word 
is programmed 
completely 
before moving on to 


the next 
and is followed 
by a verification 
step. 
The follow- 


ing is a list of the pins used for programming 
and a descrip- 


tion of their 
functions: 


Pin 


XTAL 
1 


Reset 


Test 0 


EA 
BUS 


Clock Input (1 to 12MHz) 


Initialization 
and Address Latching 


Selection 
of Program or Verify 
Mode 


Activation 
of Program/Verify 
Modes 


Address and Data Input 


Data Output 
During Verify 


Address Input 


Programming 
Power Supply 


Program Pulse Input 


P20-1 


VDD 


PROG 


An attempt 
to program a missocketed 
8742 will result in severe damage 


to the part. An indication 
of a properly socketed 
part is the appearance 


of the SYNC clock output. 
The lack of this clock may be used to disable 


the programmer. 


1. 
AO= 
OV, CS = 5V, 
EA = 5V, RESET 
= OV, TESTa 
= 5V, 


Voo 
=0 5V. 
clock applied or internal oscillator operating, 


BUS and PROG floating. 


2. 
Insert 8742 in programming 
socket 


3. 
TEST 
a = Ov (select program 
mode) 


4. 
EA = 21V (active program 
mode)O 


5. 
Address applied 
to BUS and P20.22 


6. 
RESET 
= 5v (latch 
address) 


7. 
Data appi ied to BUS" 


8. 
VOO = 21V (programming 
power)" 


9. 
PROG = Ov followed 
by one 50 ms pulse to 21V" 


10. 
VDD=5v 


11. 
TEST 
a = 5v (verify 
model 


13. 
TEST 
0 = Ov 


14. 
RESET = Ov and repeat from 
step 5 


15. 
Programmer 
should 
be at conditions 
of step 1 when 


8742 is removed 
from socket 


"When verifying 
ROM, EA; 
12V. 
""Not 
used in verifying 
ROM procedure. 


8742 Erasure Characteristics 


The erasure characteristics 
of the 8742 are such that 
erasure be9ins to occur when exposed to light with 
wavelengths 
shorter 
than 
approximately 
4000 
Ang- 


stroms (A). It should be noted that sunlight and certain 
types of fluorescent 
lamps have wavelengths 
in the 


3000-4000A range. Data show that constant exposure to 
room level fluorescent 
lighting could erase the typical 


8742 in approximately 
3 years while it would take ap- 


proximately one week to cause erasure when exposed 
to direct sunlight. If the 8742 is to be exposed to these 
types of lighting 
conditions 
for extended 
periods of 


time, 
opaque 
labels 
are available 
from 
Intel 
which 


should be placed over the 8742 window to prevent unin- 
tentional erasure. 


The recommended erasure procedure for the 8742 is 
exposure 
to shortwave 
ultraviolet 
light 
which 
has a 


wavelength of 2537A. The integrated dose (i.e., UV inten- 
sity x exposure time) for erasure should be a minimum 
of 15 w-sec/cm2. The erasure time with this dosage is 
approximately 
15 to 20 minutes 
using an ultraviolet 


lamp with 
a 12,000 /lW/cm2 
power rating. 
The 8742 


should be placed within one inch of the lamp tubes duro 
ing erasure. Some lamps have a filter 
on their tubes 


which should be removed before erasure. 


inter 


Ambient Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature. 
. 
. 
- 6S·C to + 1S0·C 


Voltage on Any Pin With Respect 
to Ground 


Power Dissipation 
. 
-o.SV to + 7V 


.... 
1.SWatt 


"NOTICE: 
Stresses 
above 
those 
listed 
under 
"Absolute 


Maximum 
Ratings" 
may cause permanent 
damage 
to the 


device. 
This is a stress 
rating 
only 
and 
functional 
opera- 


tion 
of the device 
at these 
or any other 
conditions 
above 


those 
indicated 
in the operational 
sections 
of this specifi- 
cation 
is not 
implied. 
Exposure 
to absolute 
maximum 


rating 
conditions 
for extended 
periods 
may affect 
device 


reliability. 


8042 
8742/8642 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 
Notes 


V1L 
Input Low Voltage (Except XTAL1, XTAl2, 
RESET) 
-0.5 
0.8 
-O.S 
0.8 
V 


VIL1 
Input Low Voltage (XTAL1, XTAl2, 
RESET) 
-0.5 
0.6 
-0.5 
0.6 
V 


V1H 
Input High Voltage (Except XTAL1, XTAl2, 
RESET) 
2.2 
Vcc 
2.2 
Vcc 
V 


V1H1 
Input High Voltage (XTAL1, XTAl2, 
RESET) 
3.8 
Vcc 
3.8 
Vcc 
V 


VOL 
Output 
Low Voltage (0.-07) 
0.45 
0.45 
V 
IOL=2.0 mA 


VOL1 
Output 
Low Voltage (Pl0P17, P20P27,Sync) 
0.45 
0.45 
V 
10L= 1.6 mA 


VOL2 
Output 
Low Voltage (PROG) 
0.45 
0.45 
V 
10L= 1.0 mA 


VOH 
Output 
High Voltage (00-07) 
2.4 
2.4 
V 
10H= - 400 p.A 


VOH1 
Output 
High Voltage (All Other Outputs) 
2.4 
2.4 
V 
10H= -50 
p.A 


IlL 
Input Leakage Current (To, T1, RO, WR, CS, Ao, EA) 
±10 
± 10 
p.A 
VSSSVIN~VCC 


loz 
Output 
Leakage Current (00-07, 
High Z State) 
±10 
± 10 
pA 
Vss+ 0.45 
sVOUTsVCC 


III 
Low Input Load Current (Pl0P17, P20P27) 
r 
0.3 
0.3 
mA 
VIL=0.8V 


ILl1 
Low Input Load Current (RESET, SS) 
0.2 
0.2 
mA 
VIL=0.8V 


100 
Voo Supply Current 
15 
15 
mA 
Typical = 5 mA 


Icc+ 
100 
Total Supply Current 
125 
125 
mA 
Typical=60 
mA 


IIH 
Input Leakage Current 
100 
100 
",A 
VIN= Vcc 


C1N 
Input Capacitance 
10 
10 
pF 


CliO 
I/O Capacitance 
20 
20 
pF 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VOOH 
Voo Program Voltage High Level 
20.0 
22.0 
V 


VOOl 
VOOVoltage Low Level 
475 
525 
V 


VPH 
PROG Program Voltagp High Level 
215 
245 
V 


VPl 
PROG VOltage Low Level 
02 
V 


VEAH 
EA Program or Vertfy Voltage High Level 
215 
245 
V 


VEAL 
EA Voltage Low Level 
525 
V 


100 
Voo High Voltage Supply Current 
30.0 
mA 


IpROG 
PROG High Voltage Supply Current 
160 
mA 


lEA 
EA High Voltage Supply Current 
10 
mA 


A.C. CHARACTERISTICS 
(TA=O·Cto 
+70·C, 
vss=ov, 
vcc=voo= 
+5V 
±10%) 
DBB READ 


8042 
8642/8742 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tAR 
CS, Ao Setup to RD! 
0 
0 
ns 


tRA 
CS, Ao Hold After RDt 
0 
0 
ns 


tRR 
RD Pulse Width 
160 
160 
ns 


tAD 
CS, Ao to Data Out Delay 
130 
130 
nsl11 


tRO 
RD! to Data Out Delay 
130 
.~~ 
130 
nsl11 


tOF 
RDt to Data Float Delay 
85 
85 
ns 


tCY 
Cycle Time 
1.25 
15 
1.25 
15 
1'5121 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tAW 
CS, Ao Setup to WRI 
0 
0 
ns 


tWA 
CS, Ao Hold After WRf 
0 
0 
ns 


tww 
WR Pulse Width 
160 
. 
260 
ns 


tow 
Data Setup to WRt 
130 
150 
ns 


two 
Data Hold After WRf 
0 
0 
ns 


NOTES: 
1. CL=100pF. 
2. 12 MHz XTAL. 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test 
Conditions 


tAW 
Address 
Setup 
Time 
to RESET 
I 
4lCy 


tWA 
Address 
Hold 
Time 
After 
RESET 
I 
4lCy 


tow 
Data 
In Setup 
Time 
to PROG 
t 
4lCy 


. 


two 
Data 
in Hold 
Time 
After 
PROG 
I 
4tcy 


tPH 
RESET 
Hold 
Time 
to Verify 
4lCy 


tvoow 
Voo Setup 
Time 
to PROG 
I 
4tcy 


Iv DOH 
Voo 
Hold 
Time 
After 
PROG 
j 
0 


lpw 
Program 
Pulse 
Width 
50 
60 
mS 


tTW 
Test a Setup 
Time 
for Program 
Mode 
4lCy 


tWT 
Test 
0 Hold 
Time 
After 
Program 
Mode 
4lCy 


too 
Test 
0 to Data 
Out 
Delay 
4lCy 


tww 
RESET 
Pulse 
Width 
to Latch 
Address 
4lCy 
, 


tr. tf 
Voo and 
PROG 
Rise and 
Fall Times 
as 
20 
I'S 
tCY 
CPU 
Operation 
Cycle 
Time 
50 
I'S 


tRE 
RESET 
Setup 
Time 
Before 
EA t. 
4tcy 


inter 


8042 
8642/8742 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tAcc 
DACK to WR or RD 
0 
0 
ns 


tCAC 
RD or WR to DACK 
0 
0 
ns 


tACO 
DACK to Data Valid 
J 
130 
130 
ns(1) 


tCRQ 
RD or WR to DRO Cleared 
90 
90 
ns 


NOTE: 
1. CL = 150 pF. 


8042 
8642/8742 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tcp 
Port Control Setup Before Falling Edge of PROG 
100 
100 
ns(1) 


tpc 
Port Control 
Hold After Falling Edge of PROG 
60 
60 
ns[2) 


tpR 
PROG to Time P21nput Must Be Valid 
650 
650 
ns[l) 


tpF 
Input Data Hold Time 
0 
150 
0 
150 
ns[2) 


top 
Output 
Data Setup Time 
200 
200 
ns(1) 


tpo 
Output 
Data Hold Time 
60 
60 
nsl2) 


tpp 
PROG Pulse Width 
700 
700 
ns 


NOTES: 
1. CL=80 
pF. 
2. CL=20 pF. 


2.' 
2.0 
2.0 
> TEST 
POINTS < 
0.8 
0.8 


0.45 


cc 
1 


40mA 


15 pF 


(INCLUDES 
XTAl . 


SOCKET. 
STRAV) 


r----- 
,,, 
--'--., 


I 
I 
IL 
_ 


lS-25pF 


(INCLUDES 
SOCKET. I 


STRAY) 
-=- 


BOTH 
XTAl1 
AND 
XTAl2 
SHOULD 
BE DRIVEN. 


RESISTORS 
TO Vec 
ARE 
NEEDED 
TO ENSURE 
VIH = 3.eV 


IF TTL 
CIRCUITRY 
IS USED. 


J:-.- 
...£.. 


4S "H 
20 pF 


i20.,H 
20 pF 


!:!QMINAl 
f 


5.2 
MHz 
3.2 MHz 


-'"D~ 
~O, 
____ 
IAU 
------- 


--- 
DATAVALID 
----------- 


~ 
==><t 
X 
ISYSTEM'S 
c,ORA, _ 
1' 
1 
AOOR,SSOUSI 


-··-~---~, 
__ 
~~,··--.-.---------IWRITE 
CONTROLI 


X--DATAVAUO--K 


intel 


_---'I 


VERIFY 
i-----PROGAAM 
----- 


__ -< 
NEXT 
ADDR 
~ 


VALID 
DBa-DB, J-- 


21V 
EA 
5V-../~----------------------------------------- 


\_-_/ 
\'----- 


DBa-DB, J-- 
- - -< 
A_~_~_~E_\_S 
__ 
X_~_~_~_TV_~_~T_,~_>- 
- - - - - - . 


NOTES: 


1. 
PROG 
MUST 
FLOAT 
IF EA IS LOW 
(Le., = 21 V) OR 
IF TEST 0 = 5V FOR 
THE 
8742. 
FOR 
THE 
8042 
PROG 
MUST 
ALWA 
V$ 
FLOAT. 


2. 
AO MUST 
BE HELD 
LOW 
(i.e., = OV) DURING 
PROGRAMNERIFY 
MODES. 


3. 
TEST 
0 MUST 
BE HELD 
HIGH. 


The 8742 EPROM can be programmed 
by the following 


Intel product: 


1, Universal 
PROM Programmer 
(UPP series) peripheral 
of the Intellec@ Development 
System with a UPP-549 
Personality 
Card, 


inter 


SYNC 
/ 
.\ 


P'O-'7 
PORT 
X 
P2O-22 
DATA 
/ 
\ 


X 


PORT 
X 
PC 
DATA 


ON THE 
RISING 
EDGE 
OF SYNC 
AND 
EA IS ENABLED, 
PORT 
DATA IS VALID 
AND 
CAN 
BE 
STROBEO. 
ON THE TRAILING 
EDGE 
OF SYNC THE 
PROGRAM 
COUNTER 
CONTENTS 
ARE 
AVAilABLE. 


intel 


Mnemonic 
Description 
Bytes 
Cycles 


ACCUMULATOR 


ADD A, Rr 
Add register to A 
1 
1 
ADD A, @Rr 
Add data memory 
1 
1 
toA 
ADD A, #data 
Add immediate to A 
2 
2 
ADDC A, Rr 
Add register to A 
1 
1 
with carry 
ADDC A, @Rr 
Add data memory 
1 
1 
to A with carry 
ADDC A, #data 
Add immediate 
2 
2 
to A with carry 
ANL A, Rr 
AND register to A 
1 
1 
ANLA, @Rr 
AND data memory 
1 
1 
toA 
ANL A, #data 
AND immediate to A 
2 
2 
ORLA, Rr 
OR register to A 
1 
1 
ORLA, @Rr 
OR data memory 
1 
1 
toA 
ORLA, #data 
OR immediate to A 
2 
2 
XRL A, Rr 
Exclusive OR regis- 
1 
1 
terto 
A 
XRLA, @Rr 
Exclusive OR data 
1 
1 
memory to A 
XRL A, #data 
Exclusive OR imme- 
2 
2 
diate to A 
INCA 
Increment A 
1 
1 
DECA 
Decrement A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 
DAA 
Decimal Adjust A 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
RLA 
Rotate A left 
1 
1 
RLCA 
Rotate A left through 
1 
1 
carry 
RRA 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
1 
1 
through 
carry 


INPUT/OUTPUT 


INA, Pp 
Input port toA 
1 
2 
OUTL Pp, A 
Output A to port 
1 
2 
ANL Pp, #data 
AND immediate to 
2 
2 
port 
ORL Pp, #data 
OR immediate to 
2 
2 
port 
IN A, DBB 
Input DBB to A, 
1 
1 
clear IBF 
OUT DBB, A 
Output A to DBB, 
1 
1 
set OBF 
MOV STS, A 
A.,-A7 to Bits 4-7 of 
1 
1 
Status 
MOVD A, Pp 
Input Expander 
1 
2 
port to A 
MOVD Pp, A 
Output A to 
1 
2 
Expander port 
ANLD Pp, A 
AND A to Expander 
1 
2 
port 
ORLD Pp, A 
OR A to Expander 
1 
2 
port 


Mnemonic 
. Description 
Bytes I Cycles 


DATAMOVES 
- 


MOVA, Rr 
Move register to A 
1 
1 


MOVA, @Rr 
Move data memory 
1 
1 


to A 
MOV A, #data 
Move immediate 
2 
2 


TOA 
MOV Rr, A 
Move A to register 
1 
1 


MOV@Rr,A 
Move A to data 
1 
1 


memory 
MOV Rr, #data 
Move immediate!o 
2 
2 


register 
MOV@Rr, 
Move immediate to 
2 
2 


#data 
data memory 
MOVA, PSW 
Move PSW to A 
1 
1 


MOV PSW, A 
Move A to PSW 
1 
1 


XCH A, Rr 
Exchange A and 
1 
1 


register 
XCH A, @Rr 
Exchange A and 
1 
1 


data memory 
XCHDA,@Rr 
Exchange digit of A 
1 
1 


and register 
MOVPA,@A 
Move to A from 
1 
2 


current page 
MOVP3, A,@A 
Move to A from 
1 
2 


page 3 


TIMER/COUNTER 


MOVA, T 
Read Timer/Counter 
1 
1 


MOVT, A 
Load Timer/Counter 
1 
1 


STRTT 
Start Timer 
1 
1 


STRT CNT 
start Cou nter 
1 
1 


STOP TCNT 
Stop Timer/Counter 
1 
1 


EN TCNTI 
Enable Timer/ 
1 
1 


Counter Interrupt 
DIS TCNTI 
Disable Timer/ 
1 
1 


Counter Interrupt 


CONTROL 


EN DMA 
Enable DMA Hand- 
1 
1 


shake Lines 
EN I 
Enable IBF Interrupt 
1 
1 


DISI 
Disable IBF Inter- 
1 
1 


rupt 
EN FLAGS 
Enable Master 
1 
1 


Interrupts 
SEL RBO 
Select register 
1 
1 


bank 0 
SEL RB1 
Select register 
1 
1 


bank 1 
NOP 
No Operation 
1 
1 


REGISTERS 


INC Rr 
Increment register 
1 
1 


INC@Rr 
Increment data 
1 
1 


memory 
DEC Rr 
Decrement register 
1 
1 


SUBROUTINE 


CALL addr 
Jump to subroutine 
2 
2 


RET 
Return 
1 
2 


RETR 
Return and restore 
1 
2 


status 


intel 


Mnemonic 
Description 
Bytes 
Cycles 


FLAGS 


CLR C 
Clear Carry 
1 
1 
CPLC 
Complement Carry 
1 
1 
CLR FO 
Clear Flag 0 
1 
1 
CPL FO 
Complement Flag 0 
1 
1 
CLR F1 
Clear Fl Flag 
1 
1 
CPL Fl 
Complement Fl Flag 
1 
1 


BRANCH 


JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ Rr. addr 
Decrement register 
2 
2 
and jump 
JC addr 
Jump on Carry= 1 
2 
2 
JNC addr 
Jump on Carry=O 
2 
2 
JZ addr 
Jump on A Zero 
2 
2 
JNZ addr 
Jump on A not Zero 
2 
2 
JTOaddr 
Jump on TO=l 
,2 
2 
JNTOaddr 
Jump on TO=O 
2 
2 
JT1 addr 
Jump on T1=1 
2 
2 
JNT1 addr 
Jump on Tl =0 
2 
2 


JFOaddr 
Jump on FOFlag=l 
2 
2 


JF1 addr 
Jump on F1 Flag= 1 
2 
2 
JTF addr 
Jump on Timer Flag 
2 
2 


= 1, Clear Flag 
JNIBF addr 
Jump on IBF Flag 
2 
2 


=0 
JOBF addr 
Jump on OBF Flag 
2 
2 
=1 
JBb addr 
Jump on Accumula- 
2 
2 
tor Bit 


8231 A 
ARITHMETIC PROCESSING UNIT 


_ 
Fixed Point Single and Double 
_ Compatible 
with MCS·80™ and 


Precision (16/32 
Bit) 
MCS·85™ Microprocessor 
Families 
_ Floating 
Point Single Precision 
_ 
Direct Memory Access or 


(32 Bit) 
Programmed 
110 Data Transfers 


- 
Binary Data Formats 
_ 
End of Execution Signal 


- 
Add, Subtract, 
Multiply and Divide 
_ General Purpose 8-Bit Data Bus 


_ Trigonometric 
and Inverse 
Interface 


Trigonometric 
Functions 


_ Square Roots, Logarithms, 
- 
Standard 24 Pin Package 


Exponentiation 
_ + 12 Volt and + 5 Volt Power 
_ Float to Fixed and Fixed to Float 
Supplies 
Conversions 
_ Advanced N-Channel Silicon Gate 
_ Stack Oriented Operand Storage 
HMOS Technology 


The Intel~ 8231A Arithmetic 
Processing Unit (APU) is a monolithic 
HMOS LSI device that provides high performance 
fixed 
and floating 
point arithmetic 
and floating 
point trigonometric 
operations. 
It may be used to enhance the mathematical 
capability 
of a wide variety of processor-oriented 
systems. Chebyshev polynomials 
are used in the implementation 
of the 
APU algorithms. 


All transfers, 
including 
operand, result, status and command information, 
take place over an 8-bit bidirectional 
data bus. 


Operands are pushed onto an internal stack and commands 
are issued to perform 
operations 
on the data in the stack. 


Results are then available to be retrieved from the stack. 


Transfers to and from the APU may be handled by the associated processor using conventional 
programmed 
1/0, or may be 
handled by a direct memory access controller 
for improved performance. 
Upon completion 
of each command, 
the APU 
issues an end of execution 
signal that may be used as an interrupt 
by the CPU to help coordinate 
program execution. 


In January 1981 Intel will be converting 
from 8231 to 8231A. The 8231A provides enhancements 
over the 8231 to allow use 
in both asynchronous 
and synchronous 
systems. 


'cc 
eLK 
~ 
RESET 


ffiCK . 


SVREQ 


080-087 
DO~~l 


08' 
08' 


Pin 
Symbol 
No. 
Type 
Name and Function 


Vcc 
2 
Power: 
+5 Volt power supply. 


Voo 
16 
Power: 
+12 Volt power supply. 


Vss 
1 
Ground. 


ClK 
23 
I 
Clock: 
An external, 
TTl 
compatible, 
timing source is applied to the ClK pin. 


RESET 
22 
I 
-R••• t: The active high reset signal pro- 
vides initialization 
for the chip. RESET 
also terminates 
any opllration 
in pro- 


gress. RESET clears the status register 
and places the 8231A into the idle state. 
Stack contents and command 
registers 
are not affected 
(5 clock cycles). 


CS 
18 
I 
Chip Select: 
CS is an active low input 
signal which selects the 8231A and en- 
ables communication 
with the data bus. 


Ao 
21 
I 
Address: 
In conjunction 
with 
the 
RD 
and WR signals, the Ao control 
line es- 
tablishes 
the type of communication 


that is to be performed with the 8231A as 
shown below: 


Ao 
RD 
WR 
Function 


0 
1 
0 
Enter data byte into stack 
0 
0 
1 
Read data byte from stack 


1 
1 
0 
Enter command 


1 
0 
1 
Read status 


RD 
20 
I 
Read: 
This active low input 
indicates 


that data or status is to be read from the 
8231A if CS is low. 


WR 
19 
I 
Write: 
This active low input 
indicates 
that data or a command is to be written 
into the 8231A if CS is low. 


EACK 
3 
I 
End of Execution: 
This active low input 
clears the end of execution 
output sig- 
nal (ENL». If EACK is tied low, the END 
output will be a pulse that is one clock 
period wide. 


SVACK 
4 
I 
Service Request: 
This active low input 
clears 
the 
service 
request 
output 


(SVREQ). 


END 
24 
0 
End: This active low, open-drain 
output 
indicates 
that 
execution 
of the 
pre- 
viously entered command is complete. It 
can be used as an interrupt 
request and 
is cleared by EACK, RESET or any read 
or write access to the 8231. 


Pin 
Symbol 
No. 
Type 
Name and Function 


SVREQ 
5 
0 
Service Request: 
This active high out- 


put 
signal 
indicates 
that 
command 


.. 
execution 
is complete 
and that 
post 


,. 
execution 
service was requested in the 


previous command byte. It is cleared by 
SVACK,the next command output to the 
device, or by RESET. 


READY 
17 
0 
Ready: 
This active 
high 
output 
indi- 


cates that the 8231A is able to accept 
communication 
with the data bus. When 


an attempt 
is made to read data, write 


data or to enter a new command 
while 


the 8231A 
is executing 
a command, 


READY goes low until execution 
of the 


current 
command 
is complete 
(See 


READY Operation, 
p. 5). 


DBO- 
8- 
I/O 
Data 
Bus: 
These 
eight 
bidirectional 


DB7 
15 
lines provide for transfer of commands, 
status and data between the 8231A and 
the CPU. The 8231A can drive the data 
bus only when CS and RD are low. 


Each command 
entered 
into the 8231A consists 
of a single 


8-bit 
byte 
having 
the format 
illustrated 
below: 


Bits 
0-4 select 
the operation 
to be performed 
as shown 
in the 
table. 
Bits 
5-6 select 
the data 
format 
appropriate 


to the selected 
operation. 
If bit 5 is a 1, a fixed 
point 
data 


format 
is specified. 
If bit 5 is a 0, floating 
point 
format 
is 


specified. 
Bit 6 selects 
the 
precision 
of the 
data 
to be 


operated 
upon 
by 
fixed 
point 
commands 
only 
(if 
bit 


5 = 0, bit 
6 must 
be 0). If bit 
6 is a 1, single-precision 


(16-bit) 
operands 
are assumed. 
If bit 
6 is a 0, double- 


precision 
(32-bit) 
operands 
are 
indicated. 
Results 
are 


undefined 
for all illegal 
combinations 
of bits 
in the com· 


mand 
byte. 
Bit 7 indicates 
whether 
a service 
request 
is 


to be issued 
a.fter the command 
is executed. 
If bit 7 is a 


1, the service 
request 
output 
(SVREQ) 
will 
go high 
at the 


conclusion 
of the 
command 
and 
will 
remain 
high 
until 


reset 
by 
a low 
level 
on 
the 
service 
acknowledge 
pin 


(SVACK) 
or 
until 
completion 
of 
execution 
of 
the 
suc- 


ceeding 
command 
where 
service 
request 
(bit 
7) is 
O. 


Each command 
issued 
to the 8231A 
requests 
post execu- 


tion 
service 
based 
upon 
the state of bit 7 in the command 


byte. 
When 
bit 7 is a 0, SVREQ 
remains 
low. 


Hex(l) 
Steck 
Contents(2) 
Status 
FIIllS(4) 
Instruction 
Description 
Code 
Aller 
Execution 
Affected 
A 
B 
C 
D 


AC05 
Inverse Cosine 
of A 
0 
6 
A 
U 
U 
U 
S, l, E 


ASIN 
Inverse 
Sine 
of A 
0 
5 
A 
U 
U 
U 
S, l, E 


ATAN 
Inverse 
Tangent 
of A 
0 
7 
A 
B 
U 
U 
S,l 


CHSF 
Sign 
Change 
of A 
1 
5 
A 
B 
C 
0 
S, l 


COS 
Cosine 
of A (radians) 
0 
3 
A 
B 
U 
U 
S, l 


EXP 
eA Function 
0 
A 
A 
B 
U 
U 
S, l, E 


FADD 
Add A and B 
1 
0 
A 
C 
0 
U 
S, l, E 


FDIV 
Divide 
B by A 
1 
3 
A 
C 
0 
U 
S, l, E 


FLTD 
32·8it 
Integer 
to Floating 
Point 
Conversion 
1 
C 
A 
8 
C 
U 
S,l 


FLTS 
16·Bit 
Integer 
to Floating 
Point 
Conversion 
1 
0 
A 
8 
C 
U 
S, l 


FMUL 
Multiply 
A and B 
1 
2 
A 
C 
0 
U 
S, l, E 


FSUB 
Subtract 
A from 
B 
1 
1 
A 
C 
0 
U 
S, l, E 


LOG 
Common 
Logarithm 
(base 
10) of A 
0 
8 
A 
B 
U 
U 
S, l, E 


LN 
Natural 
Logarithm 
of A 
0 
9 
A 
8 
U 
U 
S, l, E 


POPF 
Stack 
Pop 
I 
8 
8 
C 
0 
A 
S, l 


PTOF 
Stack 
Push 
1 
7 
A 
A 
B 
C 
S,l 


PUPI 
Push n onto 
Stack 
- 
1 
A 
A 
A 
B 
C 
S,l 


PWA 
SA Power Function 
0 
8 
A 
C 
U 
U 
S,l, 
E 


SIN 
Sine of A (radians) 
0 
2 
A 
8 
U 
U 
S,l 


SOAT 
Square 
Aoot 
of A 
0 
1 
A 
B 
C 
U 
S, l, E 


TAN 
Tangent 
of A (radians) 
0 
4 
A 
B 
U 
U 
S, l, E 


XCHF 
Exchange 
A and B 
1 
9 
B 
A 
C 
0 
S,l 


HeX(I) 
Stick 
Contents(2) 
StltUS 
F1IllS(4) 
Instruction 
Description 
Aller 
Execution 
Code 
A 
B 
C 
D 
Affected 


CHSD 
Sign 
Change 
of A 
3 
4 
A 
B 
C 
0 
S,l,O 


DADO 
Add A and B 
2 
C 
A 
C 
0 
A 
S,l,C,E 


DDIV 
Divide 
B by A 
2 
F 
A 
C 
0 
U 
S, l, E 


DMUL 
Multipiy 
A and 8 (A = lower 
32-bits) 
2 
E 
A 
C 
0 
U 
S,l,O 


DMUU 
Multiply 
A and 8 (A = upper 
32-bits) 
3 
6 
A 
C 
0 
U 
S,l,O 


DSUB 
Subtract 
A from 
B 
2 
0 
A 
C 
0 
A 
S,l,C,O 


FIXD 
Floating 
Point to Integer 
Conversion 
1 
E 
A 
B 
C 
U 
S,l,O 


POPD 
Stack 
Pop 
3 
8 
B 
C 
0 
A 
S,l 


PTOD 
Stack 
Push 
, 
3 
7 
A 
A 
B 
C 
S, l 


XCHD 
Exchange 
A and 8 
3 
9 
8 
A 
C 
0 
S, l 


Hexl') 
Stack 
Contents(3) 
Stltus 
FlellS(4) 
Instruction 
Description 
Aller 
Execution 
Code 
Au 
AL 
Bu 
BL Cu 
CL 
Du 
DL 


Affected 


CHSS 
Change 
Sign 
of Au 
7 
4 
A 
AL 
Bu 
8L 
Cu 
Ct: 
Du 
DL 
S,l,O 


FIXS 
Floating 
Point to Integer 
Conversion 
1 
F 
A 
Bu 
BL Cu 
CL 
U 
U 
U 
S,l,O 


POPS 
Stack 
Pop 
7 
8 
AL 
8u 
8L 
Cu 
CL 
Du 
DL Au 
S,l 


PTOS 
Stack 
Push 
7 
7 
Au 
Au 
AL 
Bu 
BL Cu 
CL 
Du 
S,l 


SADD 
Add Au and AL 
6 
C 
A 
Bu 
BL Cu 
CL 
Du 
DL Au 
S,l,C, 
E 


SDIV 
Divide 
AL by Au 
6 
F 
A 
Bu 
8L 
Cu 
CL 
Du 
DL 
U 
S, l, E 


SMUL 
Multiply 
AL by Au (A = lower 
16·bits) 
6 
E 
A 
Bu 
BL Cu 
CL 
Du 
DL 
U 
S, l, E 


SMUU 
Multiply 
AL by Au (A = upper 
16-bits) 
7 
6 
A 
8u 
BL Cu 
CL 
Du 
DL 
U 
S, l, E 


SSUB 
Subtract 
Au from 
AL 
6 
0 
A 
Bu 
BL Cu 
CL 
Du 
DL Au 
S,l,C, 
E 


XCHS 
Exchange 
Au and AL 
7 
9 
AL Au 
Bu 
8L 
Cu 
CL 
Du 
DL 
S, l 


NOP 
No Operation 
0 
0 
Au 
AL 
8u 
8L 
Cu 
CL 
Du 
DL 


Notes: 
1. In the hex code 
column, 
SVAEO 
is a O. 
2. The stack 
initially 
is composed 
of four 32·bit 
numbers 
(A, B, C, D). A is equivalent 
to Top Of Stack 
(TOS) and 8 is Next On Stack 
(NOS). Upon 


completion 
of a command 
the stack 
is composed 
of: the result 
(A); undefined 
(U); or the initial 
contents 
(A, B, C, or D). 
3. The stack 
initially 
is composed 
of eight 
16-bit 
numbers 
(Au, AL, Bu, BL, Cu, CL, Du, DL). Au is the TOS and AL is NOS_ Upon completion 
of a 
command 
the stack 
is composed 
of: the result 
(A); undefined 
(U); or the initial 
contents 
(Au, AL, Bu, BL, ... ). 
4. 
Nomenclature: 
Sign (S); Zero (l); Overflow 
(0); Carry 
(C); Error Code 
Field 
(E). 


inter 


The 8231A arithmetic processing unit handles operands 
in both fixed point and floating 
point formats. 
Fixed 
point 
operands 
may be represented 
in either 
single 
(16-bit operands) or double precision (32-bit operands), 
and are always represented as binary, two's 
comple- 
ment values. 


I 


VALUE 
I 


sill 
I I I I I I I I I I I I 
15 
0 


I 


VALUE 
I 


sill 
I I 1 I I I I 1 I I 1 I I I I I I I I I I I I I I I I I 


31 


The sign (positive or negative) of the operand is located 
in the most· significant 
bit (MSB). Positive values are 
represented by a sign bit of zero (S= 0). Negative values 
are represented by the two's complement of the corre- 
sponding positive value with a sign bit equal to 1 (S= 1). 
The range of values that may be accommodated by each 
of these formats is - 32,768 to + 32,767 for single preci- 
sion and - 2,147,483,648 to + 2,147,483,647 for double 
precision. 


Floating point binary values are represented in a format 
that permits arithmetic 
to be performed in a fashion 
analogous to operations with decimal values expressed 
in scientific 
notation. 


In the decimal system, data may be expressed as values 
between 0 and 10 times 10 raised to a power that effec- 
tively shifts the implied decimal point right or left the 
number of places necessary to express the result in con- 
ventional form (e.g., 47,572.8).The value-portion of the 
data is called the mantissa. The exponent may be either 
negative or positive. 


The concept of floating point notation has both a gain 
and a loss associated with it. The gain is the ability to 
represent the significant digits of data with values span- 
ning a large dynamic range limited only by the capacity 
of the exponent field. For example, in decimal notation 
if the exponent field is two digits wide, and the mantissa 
is five digits, 
a range of values (positive or negative) 
from 1.0000x 10- 99 to 9.9999x 10+ 99 can be accom- 
modated. The loss is that only the significant 
digits of 
the value can be represented. Thus there is no distinc- 
tion in this representation 
between the values 123451 
and 123452, for 
example, 
since 
each would 
be ex- 
pressed 
as: 
1.2345x 105. The sixth 
dig it 
has been 
discarded. 
In most 
applications 
where the dynamic 


range of values to be represented is large, the loss of 
significance, 
and hence accuracy of results, is a minor 
consideration. For greater precision a fixed point format 
could 
be chosen, although 
with 
a loss of potential 
dynamic range. 


The 8231A is a binary arithmetic processor and requires 
that floating 
point data be represented by a fractional 


mantissa value between .5 and 1 multiplied 
by 2 raised 
to an appropriate power. This is expressed as follows: 


For example, the value 100.5 expressed in this form is 
0.1100 1001x 27. The decimal equivalent of this value 
may be computed by summing the components (powers 
of two) of the mantissa and then multiplying 
by the ex- 


ponent as shown below: 


value= (2-1 + 2-2+ 
2-5+ 
2-8)x 
27 


= 0.5+ 0.25+ 0.03125+ 0.00290625)x 128 
= 0.78515625x 128 
= 100.5 


The format for floating point values in the 8231A is given 
below. The mantissa is expressed as a 24-bit (fractional) 
value; the exponent is expressed as a two's complement 
7-bit value having a range of - 64 to + 63. The most 
significant 
bit is the sign of the mantissa (0= positive, 


1= negative), for a total of 32 bits. The binary point is 
assumed to be to the left of the most significant 
man- 
tissa bit (bit 23). All floating point data values must be 
normalized. Bit 23 must be equal to 1, except for the 
value zero, which is represented by all zeros. 


I 


EXPONENT 
I· 
MANTISSA 
I 


~I~I I I I I I 
I I I I I I II 
I I I I 1 I 1 I I I I I 1 I I 


31 30 
24 23 


The range of values that can be represented in this for- 
mat is ± (2.7x 10-20 
to 9.2x 1018) and zero. 


The user interface to the 8231A includes access to an 8 
level 16-bit wide data stack. Since single precision fixed 
point operands are 16-bits in length, eight such values 
may be maintained 
in the stack. When using double 


precision 
fixed 
point 
or floating 
point 
formats 
four 


values may be stored. The stack in these two configura- 
tions can be visualized as shown below: 


A2 
A1 
- 
B2 
B' 


A4 
A3 
A2 
A1 


B4 
B3 
B2 
B. 


Data are written onto the stack, eight bits at a time, in 
the order shown (A1,A2, A3, ... ). Data are removed from 
the stack in reverse byte order (A4, A3, A2 ... ). Data 
should be entered onto the stack in multiples 
of the 


number of bytes appropriate to the chosen data format. 


inter 


DATA ENTRY 


Data entry is accomplished 
by bringing the chip select 


(CS),the command/data line (Ao),and WR low, as shown 
in the timing diagram. The entry of each new data word 
"pushes down" the previously entered data and places 
the new byte on the top of stack (TOS).Data on the bot- 
tom of the stack prior to a stack entry are lost. 


DATA REMOVAL 


Data are removed from the stack in the 8231A by bringing 
chip select (CS), command/data 
(Ao), and RD low as 


shown in the timing diagram. The removal of each data 
word redefines TOS so that the next successive byte to 
be removed becomes TOS. Data removed from the stack 
rotates to the bottom of the stack. 


COMMAND 
ENTRY 


After the appropriate number of bytes of data have been 
entered onto the stack, a command may be issued to 
perform an operation on that data. Commands which re- 
quire two operands for execution (e.g., add) operate on 
the TOS and NOS values. Single operand commands 
operate only on the TOS. 


Commands are issued to the 8231A by bringing the chip 
select (CS) line low, command data (Ao) line high, and 
WR line low as indicated by the timing diagram. After a 
command is issued, the CPU can continue execution of 
its program 
concurrently 
with 
the 8231A command 


execution. 


The 8231A signals the completion of each command exe- 
cution 
by 
lowering 
the 
End 
Execution 
line 
(END). 


Simultaneously, 
the busy bit in the status register is 


cleared and the Service Request bit of the command 
register is checked. If it is a "1" the service request out- 
put level (SVREQ)is raised. END is cleared on receipt of 
an active low End Acknowledge (EACK) pulse. Similarly, 
the service request line is cleared by recognition of an 
active low Service Acknowledge (SVACK) pulse. 


An active high ready (READY) is provided. This line is 
high in its quiescent state and is pulled low by the 8231A 
under the following conditions: 


1. A previously initiated operation is in progress (device 
busy) and Command Entry has been attempted. 
In 


this case, the READY line will be pulled low and re- 
main low until completion 
of the current command 
execution. It will then go high, permitting entry of the 
new command. 


2. A previously 
initiated 
operation 
is in progress and 
stack access has been attempted. 
In this case, the 
READY line will be pulled low, will remain in that 
state until execution 
is complete, and will then be 


raised to permit completion of the stack access. 


3. The 8231A is not busy, and data removal has been re- 
quested. READY will be pulled low for the length of 
time necessary to transfer the byte from the top of 
stack to the interface latch, and will then go high, 
indicating availability of the data. 


4. The 8231A is not busy, and a data entry has been re- 


quested. READY will be pUlled low for the length of 
time required to ascertain if the preceding data byte, 
if any, has been written to the stack. If so READY will 
immediately go high. If not, READY will remain low 
until the interface latch is free and will then go high. 


5. When a status read has been requested, READY will 


be pulled low for the length of time necessary to 
transfer 
the status to the interface 
latch, and will 


then be raised to permit completion 
of the status 


read. Status may be read whether or not the 8231A is 
busy. 


When READY goes low, the APU expects the bus con· 
trol signals present at the time to remain stable until 
READY goes high. 


DEVICE STATUS 


Device status is provided by means of an internal status 
register whose format is shown below: 


I 
BUSY 
SIGN 
ZERO I==-t 
ERROR 
CODE---tj 


I 
I 
I 
I 


7 
0 


BUSY: Indicates that 8231A is currently executing a com- 


mand (1=Busy) 
SIGN: Indicates that the value on the top of stack is 


negative (1= Negative) 
ZERO: Indicates that the value on the top of stack is 


zero (1= Value is zero) 


ERRORCODE: This field contains an indication 
of the 


validity of the result of the last opera- 
tion. The error codes are: 


0000 - 
No error 
1000 - 
Divide by zero 
0100 - 
Square root or log of negative number 


1100 - 
Argument of inverse sine, cosine, or 
eXtoo large 


XX10 - 
Underflow 
XX01 - 
Overflow 


CARRY: Previous operation resulted in carry or borrow 


from 
most 
significant 
bit. (1= Carry/Borrow, 


0= No Carry/No Borrow.) 


If the BUSY bit in the status register is a one, the other 
status bits are not defined; if zero, indicating not busy, 
the operation is complete and the other status bits are 
defined as given above. 


The 8231A status register can be read by the CPU at any 
time (whether an operation 
is in progress or not) by 
bringing the chip select (CS)low, the command/data line 
(Ao) high, and lowering RD. The status register is then 
gated onto the data bus and may be input by the CPU. 


Timing for execution of the 8231A command set is con· 
tained 
below. All times 
are given in terms of clock 
cycles. Where substantial 
variation of execution times 


inter 


is 
possible, 
the 
minimum 
and 
maximum 
values 
are 


quoted; 
otherwise, 
typical 
values are given. Variations 


are data dependent. 


Total 
execution 
times 
may 
require 
allowances 
for 
operand transfer 
into the APU, command execution, 
and 


result retrieval 
from the APU. Except for command 
exe- 


cution, 
these 
times 
will 
be heavily 
influenced 
by the 


nature of the data, the control 
interface 
used, the speed 


of memory, the CPU used, the priority 
allotted 
to DMA 


and 
Interrupt 
operations, 
the 
size 
and 
number 
of 


operands 
to 
be transferred, 
and the 
use of chained 


calculations, 
etc. 


Command 
Clock 
Command 
Clock 
Command 
Clock 
Command 
Clock 


Mnemonic 
Cycles 
Mnemonic 
Cycles 
Mnemonic 
Cycles 
Mnemonic 
Cycles 


SADD 
17 
FADD 
54-368 
LN 
4298-6956 
POPF 
12 
SSUB 
30 
FSUB 
70-370 
EXP 
3794-4878 
XCHS 
18 
SMUL 
84-94 
FMUL 
146-168 
PWR 
8290-12032 
XCHD 
26 
SMUU 
80-98 


SDIV 
84-94 
FDIV 
154-184 
NOP 
4 
XCHF 
26 


DADO 
21 
SORT 
800 
CHSS 
23 
PUPI 
16 
DSUB 
38 
SIN 
4464 
CHSD 
27 


DMUL 
194-210 
COS 
4118 
CHSF 
18 
DMUU 
182-218 


DDIV 
208 
TAN 
5754 
PTOS 
16 


FIXS 
92-216 
ASIN 
7668 
PTOD 
20 


FIXD 
100-346 
ACOS 
7734 
PTOF 
20 


FLTS 
98-186 
ATAN 
6006 
POPS 
10 


FLTD 
98-378 
LOG 
4474-7132 
POPD 
12 


Computer 
approximations 
of transcendental 
functions 


are often 
based on some form of polynomial 
equation, 


such as: 


The primary 
shortcoming 
of an approximation 
in this 


form is that it typically 
exhibits 
very large errors when 
the magnitude 
of IXI is large, although 
the errors are 


small when IXI is small. With polynomials 
in this form, 
the 
error 
distribution 
is 
markedly 
uneven 
over 
any 


arbitrary 
interval. 


A set of approximating 
functions 
exists 
that 
not only 


minimizes 
the maximum 
error but also provides an even 


distribution 
of errors within 
the selected 
data represen- 
tation 
interval. 
These 
are known 
as Chebyshev 
Poly- 
nomials and are are based upon cosine functions. 
These 


functions 
are defined 
as follows: 


Tn(X)= Cos n8; where n = 0,1,2 ... 
8=COS-1X 


The various terms of the Chebyshev 
series can be com- 


puted as shown below: 


To(X)= Cos (0· 8)= Cos (0)= 1 
(1-4) 


T1(X)= Cos (COS-1X)= X 
(1-5) 


T2(X)= Cos 28= 2COS28- 
1= 2Cos2 (Cos -1X)-1 
(1-6) 
= 2X2_1 


In general, the next term in the Chebyshev series can be 
recursively 
derived from the previous term as follows: 


Common 
logarithms 
are computed 
by multiplication 


of 
the 
natural 
logarithm 
by 
the 
conversion 
factor 


0.43429448 and the error function 
is therefore 
the same 


as that 
for 
natural 
logarithm. 
The power 
function 
is 


realized by combination 
of natural 
log and exponential 
functions 
according 
to the equation: 


The error for the power function 
is a combination 
of that 


for the logarithm 
and exponential 
functions. 


Each of the derived functions 
is an approximation 
of the 
true function. 
Thus the result of a derived function 
will 


have an error. The absolute 
error is the difference 
be- 
tween the function's 
result and the true result. A more 


useful 
measure of the function's 
error is relative 
error 


(absolute errorltrue 
result). This gives a measurement 
of 
the 
significant 
digits 
of algorithm 
accuracy. 
For the 


derived functions 
except LN, LOG, and PWR the relative 


error is typically 
4 x 10 -7. For PWR the relative error is 


the summation 
of the EXP and LN errors, 7 x 10-7. 
For 


LN and LOG, the absolute 
error is 2x 10-7. 


,m'Clli:1ll1 
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tions for the APU with operand transfers handled by an 
8237 DMA controller, 
and CPU coordination 
handled by 
an Interrupt Controller. 
The APU interrupts 
the CPU to 


indicate that a command has been completed. When the 
performance 
enhancements 
provided by the DMA and 


Interrupt operations are not required, the APU interface 


any general 8·bit processor. 


In many 
systems 
it 
will 
be convenient 
to 
use the 


microcomputer 
system 
clock 
to drive the APU clock 


input. 
In the case of 8080A systems 
it would 
be the 


q,2TTLsignal. Its cycle time will usually fall in the range 
of 250 ns to 1000 ns, depending on the system speed. 


CPU 
lOR 
RD 
"" 
cs 


lOW 
WR 
8231A 


ARITHMETIC 


CLOCK 
ClK 
PROCESSOR 


READY 
READY 
UNIT 


." 


~ 


ADDRESS 
BUS 


~ 
If 
r 


v 


~ 
.20. 
I 


Ae-A15 I 


DECODER 
cs 
AO-A7 
"'- 
AEN 
-v 
I 


OE 
ADDRESS 


I 


C>- 


LATCH 


AO-A15 
8237 
ADSTB 
A 
STB 
8282 


OM'" 
CONTROLLER 


HLDA 
HLDA 
DBO- 


"'" 
,.. 


~ 


> 
DB' 
~ I 
~ I~ ~ 


0 
~ 
HOLD 
HRO 
~ 
IQ 
~ 


CLOCK 
t r 
MEMR 


"" 
~ 


MEMW 
-y 


lOR 


CPO 
lOW 


READY 
r 


vee 
t 


WR 
RD 
CS 
AO 
In 
> 
~ ~ 
~ ~ : 
0 


iNfA 
INTA 
IRO 
~ 
~ 
8259A 
END 
8231A 
INTERRUPT 
r 


ARITHMETIC 


INT 
INT 


CONTROLLER 
= 
PROCESSOR 
UNIT 


DBO-DB7 
DBO-DB7 
DBO-DB7 
~ 
-' 
-' 


~ 
..• 
~ 
..• 
I". 
• 
SYSTEM 
DATA 
BUS 
--y 


ABSOLUTE MAXIMUM RATINGS· 


Storage Temperature 
-65·C 
to + 150·C 
Ambient 
Temperature 
Under Bias 
O·C to 70·C 
Voo with Respect to Vss 
- 0.5V to + 15.0V 
Vee with Respect to Vss 
- 0.5V to + 7.0V 
All Signal Voltages 
with Respect 
to Vss 
- 0.5V to + 7.0V 
Power Dissipation 
2.0W 


"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
opera- 


tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute maximum 


rating conditions for extended periods may effect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS (TA = O·C to 70·C, vss = OV,vee = +5V ± 10%, 


Voo = +12V ± 10%) 


Parameters 
Description 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


VOH 
Output 
HIGH Voltage 
3.7 
Volts 
IOH= -200/LA 


VOL 
Output 
LOW Voltage 
0.4 
Volts 
IOL=3.2 mA 


V1H 
Input HIGH Voltage 
2.0 
Vee 
Volts 


V1L 
Input LOW Voltage 
-0.5 
0.8 
Volts 


IlL 
Input Load Current 
±10 
/LA 
Vss s V1Ns Vee 


loz 
Data Bus Leakage 
± 10 
/LA 
Vss +0.4 ,,;;VOUT,,;;Vee 


Ice 
Vee Supply Current 
50 
95 
mA 


100 
Voo Supply Current 
50 
95 
mA 


Co 
Output 
Capacitance 
8 
pF 


C1 
Input Capacitance 
5 
pF 
Ic = 1.0 MHz,lnputs 
= OV 


CIO 
1/0 Capacitance 
10 
pF 


2.0 
2.0 


>TEST 
POINTS< 


0.8 
0.8 


A.C. TESTING: 
INPUTS 
ARE DRIVEN 
AT3.7V 
FOR A LOGIC 
"1" 
AND 0.4V FOR 
A LOGIC 
"0." 
TIMING 
MEASUREMENTS 
ARE MADE 
AT 2.0V FOR A LOGIC 
"1" 
AND 
O.SV FOR A LOGIC 
"0." 


inter 


Pa•• metar 
1231A" 
1231A·3 
1231A 
Units 
Symbol 
Min. 
Max. 
Min. 
Mu. 
Min. 
Mu. 


tAR 
110.CS Setup to RD 
0 
0 
0 
ns 


IRA 
110.CS Hold from RD 
0 
0 
0 
ns 


tRY 
READYI from lffi I Delay (Nole 2) 
150 
100 
100 
ns 


tYR 
READYt to RD t 
0 
0 
0 
ns 


Dala 
3.5 ICY 
3.5 tCY 
3.5 ICY 
ns 
+50 
+50 
+50 
tRRR 
READY Pulse Widlh (Nole 3) 


Slatus 
1.51CY 
1.5ICY 
1.5tCY 
ns 
+50 
+50 
+50 


tROE 
Data Bus Enable from RD I 
50 
50 
50 
ns 


lORY 
Data Valid to READYt 
0 
0 
0 
ns 


tOF 
Dala Float after RD t 
50 
200 
50 
150 
50 
100 
ns 


Symbol 
Parameter 
18231A·8 
8231A·3 
8231A 
Units 


Min. 
Mu. 
Min. 
Max. 
Min. 
Max. 


lAW 
110.CS Setup 10WR 
0 
0 
0 
ns 


IWA 
110.CS Hold after WR 
60 
30 
25 
ns 


tWY 
READYI from WR I Delay (Nole 2) 
150 
100 
100 
ns 


tvw 
READYt to WR t 
0 
0 
0 
ns 


tRRW 
READY Pulse Width (Nole 4) 
50 
50 
50 
ns 


Wrlle Inactive Time (Nole 4) I Command 
4 ICY 
4tCY 
41CY 
ns 
IW1 
rDala 
5 ICY 
5 ICY 
5 ICY 
ns 


low 
Dala Setup 10WR 
150 
100 
100 
ns 


Iwo 
Dala Hold after Wll 
20 
20 
20 
ns 


Symbol 
Parameter 
8231A·I 
8231A·3 
1231A 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Mu. 


ICY 
Clock Period 
480 
5000 
320 
3300 
250 
2500 
ns 


ICPH 
Clock Pulse High Widlh 
200 
140 
100 
ns 


ICPL 
Clock Pulse Low Widlh 
240 
160 
120 
ns 


lEE 
END Pulse Width (Nole 5) 
400 
300 
200 
ns 


IEAE 
EACK 110 END I Delay 
200 
175 
150 
ns 


tAA 
EACK Pulse Widlh 
100 
75 
50 
ns 


ISA 
SVACK I to SVREQI Delay 
300 
200 
150 
ns 


Iss 
SVACK Pulse Width 
100 
75 
50 
ns 


NOTES: 
1. Typical values are for TA=25°C. nominal 
supply 
vollages 
and nominal 
processing 
paramelers. 
2. READY is pulled 
low for both command 
and data operations. 


3. Minimum 
values 
shown 
assume 
no previously 
entered 
command 
is being 
executed 
for the data access. 
If a previously 
entered 
command 
is being executed. 
READY low pulse width is the time to complete 
execution 
plus the time shown. Status may be read at any 


time without 
exceeding 
the time shown. 


4. READY low pulse width is less than 50 ns when writing 
into the data port or the control 
port as long as the duty cycle requirement 
(tWI) is 


observed 
and no previous 
command 
is being executed. 
tWI may be safely violated 
as long as the extended 
tRRW that results 
is 


observed. 
If a previously 
entered command 
is being executed. 
READY low pulse width is the time to complete 
execution 
plus the time 
shown. 
These timings 
refer specifically 
to the 8231A. 


5. ENi5 low pulse width 
is specified 
for EACK tied to VSS. Otherwise 
tEAE applies. 


{_ 


tORY 
_tOF-~ 


OUTPUT 
VALID 
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1 
J 
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!. 
~ 
====_'S'-~l-'SS~~I'I~-= 
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8232 
FLOATING POINT PROCESSING UNIT 


• Compatible 
with Proposed IEEE For- 
• Standard 24·Pin Package 
mat and Existing Intel Floating Point 
• 12V and 5V Power Supplies 
Standard 
• Compatible 
with MCS-80™, MCS-85™ 
• Single (32·Bit) and Double (64-Bit) 
and MCS·86™ Microprocessor 
Families 
Precision Capability 
Error Interrupt 
• 
• Add, Subtract, 
Multiply and Divide 
Direct Memory Access or Programmed 
Functions 
• 
1/0 Data Transfers 


• Stack Oriented Operand Storage 
• End of Execution Signal 


• General Purpose 8-Bit Data Bus Inter- 
• Advanced N-Channel Silicon Gate 
face 
HMOS Technology 


The Intel'" 8232 is a high performance floating-point 
processor unit (FPU). It provides single precision (32-bit) and 
double precision (54-bit) add, subtract, multiply and divide operations. The 8232's floating point arithmetic is a subset 
of the proposed IEEE standard. It can be easily interfaced to enhance the computational 
capabilities 
of the host 
microprocessor. 


The operand, result, status and command information 
transfers take place over an 8-bit bidirectional 
data bus. Oper- 
ands are pushed onto an internal stack by the host processor and a command is issued to perform an operation on the 
data stack. The results of the operation are available to the host processor from the stack. 


Information 
transfers between the 8232 and the host processor can be handled by using programmed 110or direct 
memory access techniques. After completing an operation, the 8232 activates an "end of execution" 
signal that can 
be used to interrupt the host processor. 


;, 
;2 


v" 
ENO 
~ 
Vcc 
eLK 


RO 
EACK 
RESET 
WR 
SVACK 
Ao 


A, 
SVREQ 
Rll 


READY 
ERROR 
WlI 


TIE 
LOW 
~ 


OBO 
READY 


080·OB7 
OBI 
V" 


OB2 
OB7 


OB3 
OB' 


OB. 
OB, 


ENO 


SVREO 


SVACK 


RESET 


ERROR 


inter 


Symbol 
Pin No. 
Type 
Name 
and Description 


Va:; 
2 
POWER 
SUPPLY: 
+5V 
power 
supply 


Voo 
16 
POWER 
SUPPLY: 
+ 12V power 
supply 


Vss 
1 
GROUND 


CLK 
23 
I 
CLOCK: 
An 
external 
timing 
source 
con- 


nected 
to 
the 
elK 
input 
provides 
the 


necessary 
clocking. 


RESET 
22 
I 
RESET: A HIGH 
level on this input 
causes 
initialization. 
Reset 
terminates 
any opera- 


tion 
in progress, 
and clears 
the 
status 
register 
to zero. The internal 
stack 
pointer 


is initialized 
and the contents 
of the stack 
may 
be affected. 
After 
a reset 
the 
END 
output, 
the ERROR output 
and the SVREO 
output 
will 
be LOW. 
For 
proper 
initializa- 
tion, 
RESET must 
be HIGH 
for at least 
five 
CLK 
periods 
following 
stable 
power 
supply 
voltages 
and stable 
clock. 


CS 
18 
I 
CHIP 
SELECT: 
input 
must 
be LOW to ac- 
complish 
any 
read 
or write 
operation 
to 
the 8232. 


To perform 
a write 
operation, 
appropriate 


data 
is 
presented 
on 
DBa 
through 
DBl 
lines, 
appro~ate 
logic 
level on the Ao in- 


put and the CS input 
is made LOW. When- 


everWR 
and R5 inputs 
are both HIGH and 
CS is LOW, 
READY 
goes 
LOW. However, 
actual 
writing 
into 
the 8232 cannot 
start 


until 
WR is made 
LOW. After 
initiating 
the 


write 
operation 
by the HIGH 
to LOW tran- 


sition 
on the WR input, 
the READY output 


will 
go HIGH, 
indicating 
the write 
opera- 
tion 
has been acknowledged. 
The WR in- 
put can go HIGH after 
READY goes HIGH. 


The data lines, 
the Ao input 
and the CS in- 


put 
can 
change 
when 
appropriate 
hold 
time 
requirements 
are satisfied. 
See write 


timing 
diagram 
for details. 


To perform 
a read operation 
an appropriate 
logic 
level 
is established 
on the Ao input 
and CS is made 
LOW. The READY 
output 
goes 
LOW because 
WR and RD inputs 
are 
HIGH. 
The 
read 
operation 
does 
not 
start 
until 
the m5 input 
goes 
LOW_ READY 
will 


go HIGH 
indicating 
that 
read operation 
is 
complete 
and 
the 
required 
information 
is 


available 
on the 
DBa through 
DBl 
lines. 


This 
information 
will 
remain 
on the 
data 
lines 
as long as RD is LOW. The R5 input 
can 
return 
HIGH 
anytime 
after 
READY 


goes 
HIGH. The CS input 
and Ao input 
can 
change 
anytime 
after 
RD 
returns 
HIGH. 


See read timing 
diagram 
for details. 
If the 
CS is tied 
LOW 
permanently, 
READY 
will 
remain 
LOW 
until 
the 
next 
8232 
read 
or 
write 
access. 


Ao 
21 
I 
~DRESS: 
The Ao input 
together 
with 
the 
RD and WR inputs 
determines 
the type of 


transfer 
to be performed 
on the data bus 
as follows: 


Ao 
RD WR 
Function 


a 
1 
a 
Enter 
data 
byte 
into 
stack 


a 
a 
1 
Read data 
byte from 
stack 


1 
1 
a 
Enter 
command 


1 
a 
1 
Read status 


Name 
and Description 


READ: 
A LOW level 
on this 
input 
is used 


to 
read' 
information 
from 
an 
internal 


location 
and 
gate 
that 
information 
onto 


the data 
bus. The CS input 
must 
be LOW 
to accomplish 
the 
read operation. 
The Ao 
input 
determines 
what 
internal 
location 
is 


to be read. See Ao, CS input 
descriptions 


and read timing 
diagram 
for details. 
If the 


END 
output 
was 
HIGH, 
performing 
any 


read operation 
will 
make 
the 
END output 


go LOW after 
the HIGH 
to LOW transition 


of the 
RD input 
(assuming 
CS is LOW). 
If 


the 
ERROR 
output 
was 
HIGH, 
performing 


a status 
register 
read operation 
will 
make 


the ERROR 
output 
LOW. This 
will 
happen 


after 
the 
HIGH 
to 
LOW 
transition 
of the 


mY input 
(assuming 
~ 
is LOW). 


WRITE: 
A LOW level on this 
input 
is used 
to transfer 
information 
from 
the data 
bus 


into 
an internal 
location. 
The CS must 
be 


LOW 
to accomplish 
the 
write 
operation. 
Ao determines 
which 
internal 
location 
is 
to 
be written. 
See 
Ao, CS input 
descrip- 


tions 
and write 
timing 
diagram 
for details. 


If the 
END output 
was 
HIGH, 
performing 


any 
write 
operation 
will 
make 
the 
END 
output 
go 
LOW 
after 
the 
LOW 
to 
HIGH 


transition 
of the WR input 
(assuming 
CS is 


LOW)_ 


END 
ACKNOWLEDGE: 
When 
LOW, 


makes 
the 
EN 0 output 
go LOW. 
As men- 


tioned 
earlier, 
HIGH 
on 
the 
END 
output 


signals 
completion 
of 
a command 
exe· 


cution. 
The END signal 
is derived 
from 
an 
internal 
flip-flop 
which 
is clocked 
at the 
completion 
of a command. 
This flip-flap 
is 
clocked 
to the 
reset 
state 
when 
EACK 
is 


LOW. Consequently, 
if EACK is tied 
LOW, 


the 
END 
output 
will 
be 
a pulse 
that 
is 


approximately 
one CLK period 
wide. 


SERVICE 
ACKNOWLEDGE: 
A LOW 
level 
on this 
input 
clears 
SVREO. 
If the SVACK 


input 
is 
permanently 
tied 
LOW, 
it 
will 
conflict 
with 
the 
internal 
setting 
of 
the 


SVREO 
output. 
Thus, 
the 
SVREO 


indication 
cannot 
be 
relied 
upon 
jf 
the 


SVACK 
is tied 
LOW. 


END 
OF 
EXECUTION: 
A 
HIGH 
on 
this 


output 
indicates 
that 
execution 
of 
the 


current 
command 
is complete. 
This output 


will 
be 
cleared 
LOW 
by 
activating 
the 


EACK 
input 
LOW or performing 
any 
read 


or write 
operation 
or device 
initialization 


using 
RESET. 
If EACK 
is tied 
LOW, 
the 


END 
output 
will 
be 
a pulse 
(see 
EACK 


description). 


Reading 
the 
status 
register 
while 
a com· 


mand 
execution 
is in progress 
is allowed. 


However, 
any 
read 
or 
write 
operation 
clears 
the flip-flop 
that generates 
the END 


output. 
Thus, 
such 
continuous 
reading 


could 
conflict 
With internal 
logic 
setting 
of 


the 
END flip-flop 
at the 
end of command 


execution. 


inter 


SERVICE 
REQUEST: A HIGH on this out- 


put indicates 
completion 
of a command. 


In this sense this output 
is the same as the 
END output. 
However, 
the SVREO output 


will 
go 
HIGH 
at 
the 
completion 
of 
a 


command 
only when the Service 
Request 


Enable bit was set to 1. The SVREO can be 
cleared 
(I.e., go 
LOW) 
by activating 
the 
SVACK 
input 
LOW 
or 
initializing 
the 


device 
using the RESET. Also, the SVREO 


will 
be 
automatically 
cleared' 
after 


completion 
of any command 
that 
has the 
service request bit as O. 


ERROR: Output goes HIGH to indicate that 
the current 
command 
execution 
resulted 


in an error condition. 
The error conditions 
are: attempt 
to divide 
by zero, 
exponent 
overflow 
and 
exponent 
underflow. 
The 
ERROR output 
is cleared 
LOW on a status 
register 
read operation 
or upon RESET. 


The 
ERROR 
output 
is derived 
from 
the 
error 
bits 
in the 
status 
register. 
These 


error bits will be updated 
internally 
at an 
appropriate 
time 
during 
a command 
exe- 
cution. 
Thus, 
ERROR output 
going 
HIGH 
may not coincide 
with the completion 
of a 


command. 
Reading 
of the status 
register 


can be performed 
while 
a command 
exe- 
cution 
is in progress. 
However, 
it should 


be noted 
that 
reading 
the status 
register 
clears 
the 
ERR0R 
output. 
Thus, 
reading 


the 
status 
register 
while 
a 
command 
execution 
is in progress 
may result 
in an 
internal 
conflict 
with 
the ERROR output. 


Major functional 
units of the 8232 are shown in the 


block diagram. The 8232 employs a microprogram con- 
trolled stack oriented architecture with 1?-bit wide data 
paths. 


The Arithmetic 
Unit receives one of its operands from 


the Operand Stack. This stack is an eight word by 17-bit 
two port memory with last in-first 
out (LIFO) attributes. 
The second operand to the Arithmetic 
Unit is supplied 


by the internal 17-bit bus. In addition to supplying the 
second operand, this bidirectional 
bus also carries the 


results from the output 
of the Arithmetic 
Unit when 


required. Writing 
into the Operand Stack takes place 


READY: Output is a handshake signal used 
while 
performing 
read 
or write 
transac- 


tions 
with 
the 
8232. 
If the 
WR and AD 


inputs 
are both HIGH, 
the READY output 


goes 
LOW with 
the CS Input 
in anticipa- 


tion 
of a transaction. 
If WR goes LOW to 
initiate 
a 
write 
transaction 
with 
proper 


signals 
established 
on the 
OBO-DB7, 
Ao 


inputs, 
the 
READY 
will 
return 
HIGH 


indicating 
that 
the 
write 
operation 
has 


been accomplished. 
The WR can be made 


HIGH after this event. On the other hand, if 
a read operation 
is desired, 
the RD input Is 


made 
LOW after 
activating 
CS LOW and 


establishing 
proper 
Ao input. (The READY 


will 
go 
LOW 
in 
response 
to CS going 


LOW.) 
The 
READY 
will 
return 
HIGH, 


indicating 
completion 
of read. The REi can 


return 
HIGH after this 
event. 
It sh'ould 
be 


noted that a read or write operation 
can be 


initiated 
without 
any regard to whether 
a 
command 
execution 
is in progress 
or not. 


Proper 
device 
operation 
is 
assured 
by 
obeying 
the 
READY output 
indication 
as 


described. 


DATA BUS: Bidirectional 
lines are used to 
transfer 
command, 
status 
and 
operand 


information 
between 
the 
device 
and 
the 


host 
processor. 
DBO is the 
least 
signifi- 


cant 
and DB7 is the most 
significant 
bit 


position. 
HIGH 
on a data 
bus line corre· 


sponds 
to 1 and LOW corresponds 
to O. 


When 
pushing 
operands 
(In 
the 
stack 


using 
the 
data 
bus, the 
least 
significant 


byte 
must 
be pushed 
first 
and the 
most 


significant 
byte 
last. 
When 
popping 
the 


stack 
to read the 
result 
of an operation, 


the most significant 
byte will 
be available 


on 
the 
data 
bus 
first 
and 
the 
least 
sig- 


nificant 
byte will 
be the last. Moreover, 
for 


pushing 
operands 
and 
popping 
results, 


the number of transactions 
must be equal 
to the proper 
number of bytes appropriate 
for 
the 
chosen 
format. 
Otherwise, 
the 


internal 
byte 
pointer 
will 
not 
be aligned 


properly. 
The 
single 
precision 
format 


requires 
4 
bytes 
and 
double 
precision 


format 
requires 8 bytes. 


from this internal 1?-bit bus when required. Also con- 
nected to this bus are the Constant ROM and Working 
Registers. The ROM provides the required constants to 
perform the mathematical operations while the Working 
Registers provide storage for the intermediate values 
during command execution. 


Communication 
between the external world and the 


8232 takes place on eight 
bidirectional 
input/output 


lines, DBO through DB? (Data Bus). These signals are 
gated to the internal 8-bit bus through appropriate inter- 
face and buffer circuitry. Multiplexing facilities exist for 
bidirectional communication between the internal eight 


and H-bit 
buses. The Status Register and Command 
Register are also located on the 8-bit bus. 


The 8232 operations are controlled by the microprogram 
contained 
in the Control 
ROM. The Program Counter 


supplies the microprogram 
addresses and can be par- 


tially 
loaded from the Command Register. Associated 


with the Program Counter is the Subroutine Stack where 
return addresses are held during subroutine calls in the 
microprogram. The Microinstruction 
Register holds the 


current 
microinstruction 
being executed. The register 
facilitates 
pipellned 
microprogram 
execution. 
The 


Instruction 
Decode logic generates various internal con- 
trol signals needed for the 8232 operation. 


The Interface Control logic receives several external in- 
puts and provides handshake related outputs to facili- 
tate interfacing 
the 8232 to microprocessors. 


Command 
Format 


The operation of the 8232 is controlled 
from the host 


processor 
by issuing 
instructions 
called 
commands. 
The command format is shown below. 
EJ 
1 


The command consists of 8 bits; the least significant 
7 


bits specify the operation to be performed as detailed in 
Table 1. The most significant 
bit is the Service Request 


Enable bit. This bit must be a 1 if SVREQ is to go HIGH 
at the end of executing a command. 


The commands 
fall into three categories: 
single 
pre- 
cision arithmetic, 
double precision arithmetic 
and data 


manipulation. 
There are four arithmetic 
operations that 


can be performed with single precision (32-bit) or double 
precision (64-bit) floating-point 
numbers: add, subtract, 
multiply and divide. These operations require two oper- 
ands. 
The 8232 assumes 
that 
these 
operands 
are 


located in the internal stack as Top of Stack (TOS) and 
Next on Stack (NOS). The result will always be returned 
to the previous 
NOS which 
becomes 
the new TOS. 
Results from an operation are of the same precision and 
format as the operands. The results will be rounded to 
preserve the accuracy. The actual 
data formats 
and 


rounding procedures are described in a later section. In 
addition 
to the arithmetic 
operations, 
the 8232 i"mple- 
ments 
eight 
data 
manipulating 
operations. 
These 


include 
changing 
the 
sign 
of 
a double 
or 
single 


precision 
operand located in TOS, exchanging 
single 


precision operands located at TOS and NOS, as well as 
pushing 
and 
popping 
single 
or 
double 
precision 


operands. See also the sections on status register and 
operand formats. 


The execution 
times 
of the commands 
are all data 


dependent. Table 3 shows one example of each com- 
mand execution time. 


Operand Entry 


The 8232 commands operate on the operands located at 
the TOS and NOS. Results are returned to the stack at 
NOS and then popped to TOS. The operands required for 
the 8232 are one of two formats 
- 
single 
precision 


floating-point 
(4 bytes) or double 
precision 
floating- 


point (8 bytes). The result of an operation has the same 
format 
as the operands. 
In other 
words, 
operations 


using 
single 
precision 
quantities 
always 
result 
in a 


single 
precision 
result, 
while 
operations 
involving 


double 
precision 
quantities 
will 
result 
in 
double 


precision result. 


Operands are always entered into the stack least signifi- 
cant byte first and most significant 
byte last. The follow- 
ing procedure must be followed to enter operands into 
the stack: 


1. The lower significant 
operand byte is established on 


the DBO-DB7 lines. 


2. A LOW is established on the Ao input to specify that 


data is to be entered into the stack. 


3. The CS input is made LOW. Whenever the WR and RD 


inputs are HIGH, the READYoutput will follow the CS 
input. Thus, READY output will become LOW. 


4. After appropriate set up time (see timing diagrams), 


the WR input is made LOW. 


5. Sometime after this event, READY will return HIGH to 


indicate that the write operation has been acknowl- 
edged. 


6. Any time after the READY output goes HIGH, the WR 


input can be made HIGH. The DBO-DB7, Ao and CS 
inputs 
can change after appropriate 
hold time re- 


quirements are satisfied (see timing diagrams). 


The above procedure must be repeated until all bytes of 
the operand are pushed into the stack. 
It should 
be 


noted that for single precision operands 4 bytes should 
be pushed and 8 bytes must be pushed for double pre- 
cision. Not pushing all the bytes of a quantity will result 
in byte pointer misalignment. 


The 8232 stack can accommodate four single precision 
quantities 
or two double precision quantities. 
Pushing 


more quantities than the capacity of the stack will result 
in loss of data which is usual with any LIFO stack. 


The stack can be visualized as shown below: 


Hex1 
Stack Contents2 


Status Flags 
Instruction 
Description 
Code 
After Execution 
Affected4 


A 
B 
C 
D 


SADD 
Add A and B 
01 
R 
C 
D 
U 
S,Z,U,V 


SSUB 
Subtract 
A from B 
I 
02 
R 
C 
D 
U 
S,Z,U,V 


SMUL 
Multiply 
A by B 
03 
R 
C 
D 
U 
S,Z,U,V 


SDIV 
Divide B by A. If A exponent = 0, 
04 
R 
C 
D 
U 
S,Z,U,V, 
D 


then R= B. 


CHSS 
Change sign of A5 
05 
R 
B 
C 
D 
S,Z 


PTOS 
Push stack5 
, 
06 
A· 
A 
B. 
C 
S,Z 


POPS 
Pop stack 
07 
B 
C 
D 
A 
S,Z 


XCHS 
Exchange 
I 
08 
B 
A 
C 
D 
S,Z 


Hex1 
Stack Contents3 
Status Flags 
Instruction 
Descriptic;m 
After Execution' 
Code 
A 
B 
Affected4 


DADD 
Add A and B 
.,. 
29 
R 
U 
S,Z,U,V 


DSUB 
Subtract 
A from B 
I \' 
2A 
R 
U 
.. 


S,Z,U,V 


DMUL 
Multiply 
A by B 
2B 
R 
U 
S,Z,U,V 


'DDIV 
Divide B by A. If A = 0, 
, 


2C 
R 
U 
S,Z,U,V,D 
then R= B. 


CHSD 
Change sign of A5 
2D 
R 
B 
S,Z 


PTOD 
Push stack5 


1 
2E 
A· 
A 
S,Z 


POPD 
Pop stack 
, 
2F 
B 
A 
S,Z 


CLR 
CLR status 
'.. 
00 
A 
B 


Notes: 


1. In the hex code 
column, 
SVAEO 
bit is a O. 


2. The stack 
initially 
is composed 
of four 
32·bit 
numbers 
(A, B, C, D). A is equivalent 
to Top Of Stack 
(TOS) and B is Next 
on Stack 
(NOS). Upon 
com· 
pletion 
of a command 
the stack 
is composed 
of: the result 
(A); undefined 
(U); or the 
initial 
contents 
(A,B,C, 
or D). 


3. The stack 
initially 
is composed 
of two 54·bit 
numbers 
(A, B). A is equivalent 
to Top Of Stack 
(TOS) and B is Next 
On Stack 
(NOS). Upon 
completion 


of a command 
the stack 
is composed 
of: the result 
(A); undefined 
(U); or the initial 
contents 
(A, B). 


4. Any status 
bit(s) 
not affected 
are set to O. Nomenclature: 
Sign 
(S); Zero (Z); Exponent 
Underflow 
(U); Exponent 
Overflow 
(V); Divide 
Exception 
(D). 


5. If the exponent 
field 
~f A is zero, 
A or A' 
will 
be ze;o. 
,,' 
. 


inter 


Command 
TOS 
NOS 
Result 
Clock 
Periods 


SADD 
3F800000 
3F8ooo00 
40000000 
58 


SSUB 
3F800000 
3F8oo000 
00000000 
56 


SMUL 
4040סס oo 
3FCooOOO 
40900000 
198 


SDIV 
3F800000 
40000000 
- 
3FooOOOO 
228 
CHSS 
3F800000 
- 
BF800000 
10 
PTOS 
3F8oo000 
- 
- 
16 
POPS 
3F800ooo 
- 
- 
14 
XCHS 
3F8000oo 
40000000 
- 
26 


CHSD 
3FFooOOO00000000 
- 
BFFOOOOO00000000 
24 


PTOD 
3FFooOOO00000000 
- 
- 
40 
POPD 
3FFooOOO0סס oo000 
- 
- 
26 
CLR 
3FFooOOO0ס0ooooo 
- 
- 
4 
DADO 
3FFooooO OAooOooO 
3FFOOOOO00000000 
3FFooooO OAOOOOOO 
578 
DSUB 
3FFooOOOAooOOOOO 
3FFOOOOO00000000 
3FFooOOO AOOOOOOO 
578 
DMUL 
BFF8oo0000000000 
3FF80000 00000000 
C0020000 
00000000 
1748 
DDIV 
BFF8oo0000000000 
3FF800oo 00000000 
BFFOOOOO00000000 
4560 


Command 
Initiation 


After 
properly 
positioning 
the required 
operands 
in the 


stack, 
a command 
may be issued. 
The procedure 
for 


initiating 
a command 
execution 
is the same as that 


described 
above for operand entry, except 
that the Ao 


input is HIGH. 


An attempt 
to issue a new command 
while the current 


command 
execution 
is in progress 
is allowed. 
Under 


these 
circumstances, 
the 
READY output 
will 
not 
go 


HIGH 
until 
the 
current 
command 
execution 
is com- 


pleted. 


Removing 
the Results 


Result 
from an operation 
will 
be available 
at the TOS. 
Results 
can be transferred 
from the stack to the data 


bus by reading the stack. 


When the stack is read for results, the most significant 
byte is available first and the least significant 
byte last. 


A result is always of the same precision 
as the operands 


that produced 
it. Thus, when the result is taken from the 


stack, the total number of bytes popped out should 
be 


appropriate 
with 
the 
precision 
- 
single 
precision 


results 
are 4 bytes and double 
precision 
results 
are 8 


bytes. The following 
procedure 
must be used for read- 
ing the result from the stack: 


1. A LOW is established 
on the Ao input. 


2. The CS input is made LOW. When WR and RD inputs 


are both 
HIGH, the READY output 
follows 
the CS 


input, thus READY will be LOW. 


3. After appropriate 
set up time (see timing 
diagrams), 
the RD input is made LOW. 


4. Sometime 
after 
this, 
READY will 
return 
HIGH, indi- 


cating 
that 
the data 
is available 
on the 
DBO-DB7 


lines. This data will remain on the DBO-DB7 lines as 
long as the RD input remains LOW. 


5. Any time after READY goes HIGH, the RD input can 


return HIGH to complete 
the transaction. 


6. The CS and Ao inputs 
can change after appropriate 


hold time requirem'ents 
are satisfied 
(see timing 
dia- 


gram). 


7. Repeat this procedure 
until all bytes appropriate 
for 


the precision 
of the result are popped out. 


Reading of the stack does not alter its data; it only ad- 
justs 
the byte pointer. 
Note data must 
be removed 
in 


even byte 
multiples 
to avoid a byte pointer 
misalign- 


ment. If more data is popped than the capacity 
of the 


stack, 
the internal 
byte pointer 
will 
wrap around 
and 


older data will be read again, consistent 
with the LIFO 


stack. 


Reading 
Status 
Register 


The 8232 status register can be read without 
any regard 


to whether 
a command 
is in progress 
or not. The only 


implication 
that has to be considered 
is the effect 
this 


might have on the END and ERROR outputs 
discussed 
in the signal descriptions. 


The following 
procedure 
must 
be followed 
to accom- 


plish status 
register 
reading: 


1. Establish 
HIGH on the Ao input. 


2. Establish 
LOW on the CS input. 
Whenever 
WR and 


RD inputs are HIGH, READY will follow 
the CS input. 


Thus, READY will go LOW. 


3. After 
appropriate 
set up time (see timing 
diagram), 


RD is made LOW. 


inter 


4. Sometime after the HIGH to LOW transition 
of RD, 


READY will become HIGH, indicating that status reg- 
ister contents 
are available on the DBO-DB7 lines. 
These i1nes wiil contain this information 
as long as 


Ri5 is LOW. 


5. The RD input can be returned HIGH any time after 


READY goes HIGH. 


6. The Ao input and CS input can change after satisfying 


appropriate 
hold 
time 
requirements 
(see 
timing 


diagram). 


Status 
Register 


The 8232 contains 
an 8·bit status 
register 
with 
the 


foilowing 
format: 


SIGN 
ZERO 
DIVIDE 
EXPONENT 
EXPONENT 


BUSY 
S 
Z 


RESERVED 
EXCEPTION 
UNDERFLOW 
OVERFLOW 
RESERVED 


D 
U 
V 


Ail 
the bits 
are initialized 
to zero upon reset. Also, 


executing 
a CLR (Clear Status) command wiil result in 


ail zero status register bits. A zero In bit 7 indicates that 
the 8232 is not 
busy and a new command 
may be 


initiated. 
As soon as a new command is issued, bit 7 


becomes 1 to indicate the device Is busy and remains 1 
until the command execution is complete, at which time 
it wiil become O.As soon as a new command is issued, 
status register bits 0-6 are cleared to zero. The status 
bits wiil be set as required during the command execu- 
tion. Hence, as long as bit 7 Is 1, the remainder of the 
status register bit indications 
should not be relied upon 


unless the ERROR occurs. The foilowlng 
Is a detailed 


status bit description. 


Bit 0 Reserved. 


Bit 1 Exponent overflow (V). When 1, this bit indicates 


that 
the result 
exponent 
is more positive 
than 


+ 127(+ 1023).The exponent is "wrapped" 
into the 


negative exponent range, skipping the end values. 


Bit 2 Exponent Underflow (U).When 1, this bit indicates 


that 
the result 
exponent 
is more negative than 


-126 (-1022). The exponent is "wrapped" 
into the 


positive 
range by the number of underflow 
bits, 
skipping 
-127 
(-1023) 
and + 128 (+ 1024). 


Bit 3 Divide Exception 
(D). When 1, this bit indicates 


that an attempt to divide by zero is made. Cleared 
to zero otherwise. 


Bit 4 Reserved. 


Bit 5 Zero (Z). When 1, this bit indicates that the result 


returned to TOS after a command is zero. Cleared 
to zero otherwise. 


Bit 6 Sign (S). When 1, this bit indicates that the result 


returned to TOS is negative. Cleared to zero other- 
wise. 


Bit 7 Busy. When 1, this bit indicates the 8232 is in the 


process of executing 
a command. It will become 


zero after the command execution 
is complete. 


Ail other status register bits are valid when the Busy bit 
is zero. 


Data Formats 


The 8232 handles floating-point 
quantities 
in two differ- 


ent formats 
- 
single precision 
and double precision. 


These formats are the same as those used by Intel in 
other products 
and those proposed by the IEEE Sub- 


committee 
on floating 
point arithmetic. 


The single 
precision 
quantities 
are 32 bits 
long, as 


shown below: r IIIIPLIED 
BIT 
[:] 
E I 
I 


III 


31 
30 
23 
22 


Bit 31: 


S = Sign of the mantissa. One represents negative and 0 


represents positive. 


Bits 23-30: 


E = These 8 bits represent a biased exponent. The bias 


is 27-1 = 127. 


Bits 0-22: 


M = 23-bit mantissa. Together with the sign bit, the man- 


tissa 
represents 
a signed fraction 
in sign-magni· 


tude notation. 
There is an implied 
1 beyond the 


most significant 
bit (bit 22) of the mantissa. In other 


words, the mantissa is assumed to be a 24-bit nor· 
malized quantity and the most significant 
bit, which 


will always be a 1 due to normalization, 
Is implied. 


The 8232 restores this implied bit internaily before 
performing 
arithmetic, 
normalizes 
the result 
and 


strips the implied bit before returning the results to 
the external data bus. The binary point is between 
the implied bit and bit 22 of the mantissa. 


The quantity N represented by the above notation is 


[ 


BIAS-..r BINARY 
POINT 


N=(_1)s 2E-(2 
7 -1) (l.M) 


Provided 
E*O (reserved for 0) or ail l's 
(iilegal). The 


approximate 
decimal 
range 
for 
this 
format 
is 
±1.17 x 10-38 to ±3.40 x 1038. The format supports 7 
significant decimal digits. 


A double precision 
quantity 
consists 
of the mantissa 
sign bit, an 11·bit biased exponent (E),and a 52·bit man- 
tissa (M). The bias for double precision 
quantities 
is 


210 - 1.The double precision format is illustrated below. 
+ IMPLIED 
BIT 


I 
M 


Bit 63: 


S = Sign of the mantissa. One represents negative and 0 
represents positive. 


Bits 52-62: 


E = These 11 bits represent a biased exponent. The bias 


is 210_1 = 1023. 


Bits 0-51: 


M= 52-bit mantissa. Together with the sign bit the man- 


tissa 
represents 
a signed fraction 
in sign-magni- 
tude notation. 
There is an implied 
1 beyond the 
most significant 
bit (bit 51) of the mantissa. In other 


words, the mantissa is assumed to be a 53-bit nor· 
malized quantity and the most significant 
bit, which 


will always be a 1 due to normalization, 
is implied. 
The 8232 restores this implied bit internally before 
performing 
arithmetic, 
normalizes 
the result and 
strips the implied bit before returning the result to 
the external data bus. The binary point is between 
the implied bit and bit 51 of the mantissa. 


The quantity N represented by the above notation is 


,BIAS 
-L r BINARY 
POINT 


N = (- 
1)5 2E-(2'O-1) 
(1.M) 


Provided E ,;, 0 (reserved for 0) or all 1s (illegal). The 
approximate decimal range is ±2.22 x 10-308 to ±1.80 
x 10308. 
The format 
supports 
16 significant 
decimal 


digits. 


The following 
are some examples of single precision 


floating point representations: 


Binary 
Floating 


Decimal 
S 
E 
M 
Point 


0 
0 
0 
0 
0000 
OOOOH 


1 
0 
127 
0 
3F80 
OOOOH 


-1 
1 
127 
0 
BF80 
OOOOH 


255 
0 
134 
.9922 
437F 
oooOH 


n 
0 
128 
.5708 
4049 
OFDBH 


Rounding 


One of the main objectives in choosing the 8232's Intell 
IEEE proposed floating point arithmetic 
was to provide 


maximum accuracy with no anomalies. This means that 
a mathematically 
unsophisticated 
user 
will 
not 
be 


"surprised" 
by some 
of 
the 
results. 
It is 
probably 


possible 
for a sophisticated 
user to obtain 
reliable 


results 
from 
almost 
any 
floating 
point 
arithmetic. 


However, in that case there will be an additional burden 
on the software. 


The best example of what might be called the 8232's 
"safety 
factor" 
is 
the 
inclusion 
of 
guard 
bits 
for 


rounding. 
The absence 
of 
guard 
bits 
leads 
to 
the 


problem demonstrated 
by the following 
four-bit multi· 


plication: 


.1111x2° 
.1000x21 


.01111000X 21 


and the identify 
function 
is not valid. In the past this 


problem 
has been avoided (hopefully) 
by relying 
on 


excess precision. 


Instead the 8232 uses a form of rounding 
known as 


"round 
to even." There are other types 
of rounding 


provided for in the proposed IEEE standard, but "round 
to even," an unbiased rounding 
scheme, is required. 
"Round 
to even" 
comes 
into 
play when a result 
is 


exactly halfway between two floating point numbers. In 
this case the arithmetic 
produces the "even" 
number, 


the one whose last mantissa bit is zero. The 8232 uses 
three additional 
bits-the 
Guard bit (G), the Rounding 


bit (R), and the "Sticky" 
bit (S)-to 
do the rounding. 


These are bits which hold data shifted out (right) of the 
accumulator. 
Rounding is carried out by the following 


rules, as shown in the following figure, after .theresult is 
normalized. 


Bit 
if 


G 
R 
S 
Rule 
a 
a 
a 
No Round 
a 
a 
1 
a 
1 
a 
Round 
Down 


a 
1 
1 


1 
a 
a 
Round to Even 


1 
a 
1 


1 
1 
a 
Round 
Up 


1 
1 
1 


inter 


The diagram 
in Figure 3 represents 
the minimum 
con- 


figuration 
of an 8232 system. The CPU transfers 
data to 


and from the 8232 Floating 
Point 
Processor 
using the 


READY line. The 8232 status is checked using polling by 
the CPU. 


In a high 
performance 
configuration 
(Figure 
4), inter- 


rupts 
are used in place of polling. 
The interrupts 
are 


generated for an error condition 
and to signal the end of 


execution. 
Operand 
transfers 
are handled 
by the DMA 


controller. 
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lOW 


CLOCK 


READY 


WR 
8232 


FlOATING 
POINT 


elK 
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READY 
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ADDRESS8U$ 
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11 
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I 


A8-A15 
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DECODER 
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C>- 
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AO-A15 
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A0518 
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ST, 
8282 
OMA 
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080- 
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HlOA 
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0 
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1 


WR 
RO 
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c 
:t 
0 
0 
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INTA 
INTA 


8259A 
IRO 
END 
> 
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INTERRUPT 
8232 


INT 
INT 
CONTROLLER 
IR' 
ERROR 
FLOATING 
POINT 
PROCESSOR 


060·081 
oBO-OB7 
EICK 
OBO-oB1 
~ ;>. 
~ 
~ 


.£ 


~ 
~ 
~ 
'" 
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SYSTEM 
DATA 
BUS 
" 


Storage 
Temperature 
-65·C 
to + 150·C 


Ambient 
Temperature 
Under 
Bias 
O·C to + 70·C 


VDD with 
Respect 
to Vss 
-0.5V 
to + 15.0V 


Vee with 
Respect 
to Vss 
-0.5V 
to + 7.0V 


All 
Signal 
Voltages 
with 
Respect 


to Vss 
-0.5V 
to + 7.0V 


Power 
Dissipation 
2.0W 


'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
opera- 


tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute maximum 


rating conditions for extended periods may affect device 
reliability. 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


VOH 
Output 
HIGH 
Voltage 
3.7 
V 
IOH= 
-2OOIlA 


VOL 
Output 
LOW 
Voltage 
0.4 
V 
10L= 3.2mA 


VIH 
Input 
HIGH 
Voltage 
2.0 
Vee 
V 


VIL 
Input 
LOW 
Voltage 
-0.5 
0.8 
V 


IlL 
Input 
Load 
Current 
±10 
I'A 
Vss" 
VIN •• Vec 


loz 
Data 
Bus 
Leakage 
±10 
I'A 
Vss + 0.4 '" VOUT '" Vcc 


Ice 
Vee Supply 
Current 
50 
95 
mA 


IDD 
VDD Supply 
Current 
50 
95 
mA 


Co 
Output 
Capacitance 
8 
pF 


CI 
Input 
Capacitance 
5 
pF 
le= 
1.0MHz, 
Inputs=OV 


CIO 
1/0 Capacitance 
10 
pF 


A.C. CHARACTERISTICS 
(TA=O·C 
to lO·C, 
Vss= 
OV, Vce= 
+5V± 
10%, 
VDD= 
+12V± 
10%) 


READ OPERATION 


8232 
8232-3 
8232-8 


Symbol 
Parameter 
Units 


Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


tAR 
Ao, CS Setup to RD 
0 
0 
0 
ns 


tRA 
Ao, es Hold from RD 
0 
0 
0 
ns 


tARy 
READYI from Ao, CSI Delay (Note 2) 
100 
100 
150 
ns 


tYR 
READYf to RDt 
0 
0 
0 
ns 


Data 
3.5 tCY 
3.5 tCY 
3.5 tCY 
ns 
+50 
+50 
+50 


tARA 
READY Pulse Width (Note 3) 


Status 
1.5 tCY 
1.5 tCY 
1.5 tCY 
ns 
+50 
+50 
+50 


tRoE 
Data Bus Enable from RDI 
50 
50 
50 
ns 


tORY 
Data Valid to READYt 
0 
0 
0 
ns 


toF 
Data Float after RDf 
20 
100 
20 
150 
20 
200 
ns 


8232 
8232·3 
8232·8 
Symbol 
Parameter 
Unlto 


Min. 
Max. 
Min. 
Mo •. 
Min. 
Ma •• 


tAW 
~. 
CS Setup 
to WR 
25 
25 
25 
ns 


tWA 
~. 
CS Hold 
after 
WR 
30 
30 
60 
ns 


tAwy 
READYI 
from 
Ao• CSI Delay 
(Note 
2) 
100 
100 
150 
ns 


tvw 
READYt 
to WRt 
0 
0 
0 
ns 


tRRw 
READY 
Pulse 
Width 
tAW 
tAW 
tAW 
ns 
+50 
+50 
+50 


tow 
Data Setup 
to WRt 
100 
100 
150 
ns 


two 
Data Hold 
after WRt 
20 
20 
20 
ns 


8232 
8232·3 
8232·8 


Symbol 
Parameter 
Unlto 


Min. 
Ma •. 
Min. 
Max. 
Min. 
Ma •• 


tCY 
Clock 
Period 
250 
2500 
320 
3300 
480 
5000 
ns 


tCPH 
Clock 
Pulse 
HIGH 
Width 
100 
140 
200 
ns 


tCPL 
Clock 
Pulse 
LOW Width 
120 
180 
240 
ns 


tEE 
END Pulse 
Width 
(Note 
4) 
200 
300 
400 
ns 


tEAE 
EACKI 
to EN 01 Delay 
150 
175 
200 
ns 


tAA 
EACK 
Pulse 
Width 
50 
75 
100 
ns 


tSA 
SVACKI 
to SVREQI 
Delay 
100 
200 
300 
ns 


tss 
SVACK 
Pulse 
Width 
50 
75 
100 
ns 


1, Typical 
values 
are for TA = 25 .•c, nominal 
supply 
voltages 
and nominal 
processing 
parameters. 


2. 
READY 
is pulled 
low for both 
command 
and data operations. 


3. 
Minimum 
values 
shown 
assume 
no previously 
entered 
command 
is being 
executed 
for the data access. 
If a previously 
entered 
command 
is being 
executed, 
READY 
low pulse 
width 
is the time to complete 
execution 
plus the time 
shown. 
Status 
may be read at any time without 
exceeding 
the time 
shown. 


4. 
END high 
pulse 
width 
is specified 
for EACK 
tied 
to Vss' 
Otherwise 
tEAE applies. 


,1= 
I 
ORV 
----~,xI,-. OUTPUT 
VAllO 


SVREQ 
/ 
---~ 


8294 
DATA ENCRYPTION 
UNIT 


• Certified 
by National 
Bureau of 
Standards 
II 7·Blt User Output Port 
, 
, 


!I Single 5V ± 10% Power Supply 
• 


• 64·Bit Data Encryption 
Using 56· Bit 
Key 


• Periphenli to Mcs-t6T11, 
MC8-S5T11, 


MCS-8C)TM end MC~TM 
ProceMOR 


• Implements 
Federal Information 
Processing 
Data Encryption Standard 


• 3 Interrupt Outputs to Aid in Loading 
and Unloading 
Data 
. 


The Intel~ 8294 Data Encryption 
Unit (DEU) is a microprocessor 
peripheral device designed to encrypt and decrypt 
64·bit blocks of data using the algorithm 
specified 
in the Federal Information 
Processing Data Encryption Standard. 
The DEU operates on 64·bit text words using a 56·bit user-specified key to produce 64·bit cipher words. The operation 
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm 
itself is perma- 
nently contained 
in the 8294; however, the 56·bit key is user-defined and may be changed at any time. 


The 56·bit key and 64-bit message data are transferred to and from the 8294 in 8·bit bytes by wiiY of the system data 
bus. A DMA interface and three interrup't outputs are available to·minimize 
software overhead associated witt> data 
transfer. Also, by using the DMA interfac.e two or more DEUs may be operated in parallel to achieve effective system 
conversion rates which alll virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TIL compatible output 
port for user·specified 
functions. 


Because the 8294 implements the NBS encryption algorithm 
it can be used in a variety of Electronic Funds Transfer 
applications 
as well as other electronic 
panking and data handling applications 
where data must be encrypted. 


NC 
VCC 


DATA 
Xl 
NC 


BUS 
X2 
OACK 


AESET 
OAC 


NC 
SAC 


cs 
DAV 


GNO 
NC 


Ao 
AD 
P6 


SAG 
AO 
P5 


GAV 
WA 
P4 


ceMP 
SYNC 
P3 


PO·P6 
DO 
P2 


RESET 
01 
Pl 
SYNC 
02 
PO 


03 
VOO 
" 


04 
VCC 
., 


05 
CCMP 


+5V-- 
06 
NC 


POWER-_ 
INTERNAL 
07 
NC 
GND-- 
BUS 
GNO 
NC 


Pin 


Symbol 
No. 
Type 
Name and Function 


NC 
1 
No Connection. 


X1 
2 
I 
Crystal: 
Inputs for crystal, L-C or exter- 
X2 
3 
nal timing 
signal to determine 
internal 


oscillator 
frequency. 


RESET 
4 
I 
Reset: 
A low signal to this pin resets 


the 8294. 


NC 
5 
No Connection: 
No connection 
or tied 
high. 


CS 
6 
I 
Chip Select: 
A low signal 
to this 
pin 
enables reading and writing to the 8294. 


GNO 
7 
Ground: 
This 
pin 
must 
be tied 
to 
ground. 


RO 
8 
I 
Read: An active low read strobe at this 
pin enables the CPU to read data and 
status from the internal OEU registers. 


A" 
9 
I 
Address: 
Address 
input 
used by the 
CPU to select OEU registers during read 
and write operations. 


WR 
10 
I 
Write: 
An active low write strobe at this 
pin enables the CPU to send data and 
commands to the OEU. 


SYNC 
11 
0 
Sync: 
High frequency (Clock.;- 15) out- 


put. Can be used as a strobe for external 
circuitry. 


Do 
12 
I/O 
Data 
Bus: 
Three-state, 
bi-directional 


0, 
13 
data bus lines used to transfer data be- 


O2 
14 
tween the CPU and the 8294. 
03 
15 
D. 
16 
Os 
17 
. 


D. 
18 


07 
19 


GNO 
20 
Ground: 
This 
pin 
must 
be tied 
to 
ground. 


Vcc 
40 
Power: 
+5 volt 
power 
input: 
+5V 
± 


10%. 


Pin 
Symbol 
No. Type 
Name and Function 


NC 
39 
No Connection. 


OACK 
38 
I 
DMA Acknowledge: 
Input signal from 


the 8257 OMA Controller 
acknowledg- 


ing that the requested 
OMA cycle has 


been granted. 


ORO 
37 
0 
DMA Request: 
Output 
signal 
to the 


8257 OMA Controller 
requesting a OMA 


cycle. 


SRQ 
38 
0 
Service Request: 
Interrupt to the CPU 


indicating 
that the 8294 is awaiting data 


or 
commands 
at 
the 
input 
buffer. 


SRO=1 implies IBF=O. 


OAV 
35 
0 
Output Available: 
Interrupt to the CPU 


indicating 
that 
the 8294 has data or 


status 
available 
in its output 
buffer. 


OAV=1 implies OBF=1. 


NC 
34 
No Connection. 


P6 
33 
0 
Output 
Port: 
User output 
port 
lines. 


P5 
32 
Output lines available to the user via a 


P4 
31 
CPU command 
which 
can assert sel- 


P3 
30 
ected port lines. These lines have no- 


P2 
29 
thing to do with the encryption function. 


P1 
28 
At power-on, 
each line is in a 1 state. 


PO· 
27 


Voo 
26 
Power: 
+5V power input. (+5V ±10%) 


Low power standby pin. 


Vcc 
25 
Power: 
Tied high. 


CCMP 
24 
0 
Conversion 
Complete: 
Interrupt to the 


CPU indicating 
that 
the 
encryption/ 


decryption 
of an 8-byte block 
is com- 


plete. 


NC 
23 
No Connection. 


NC 
22 
No Connection. 


NC 
21 
No Connection. 


inter 


FUNCTIONAL DESCRIPTION 


OPERATION 


The data conversion sequence Is as follows: 


1. A Set Mode command Is given, enabling the desired 


Interrupt· outputs. 


2. An Enter New Key command Is Issued, followed by 8 
data Inputs which are retained by the DEU for encryp- 
tion/decryption. 
Each byte must have odd parity. 
3. An Encrypt Data or Decrypt Data command sets the 
DEU In the desired mode. 


After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any 
of the above commands 
may be issued between data 


conversions 
to change the basic operation of the DEU; 


e.g., a Decrypt 
Data command 
could 
be issued 
to 


change the DEU from encrypt mode to decrypt 
mode 


without 
changing either the key or the interrupt outputs 


enabled. 


INTERNAL DEU REGISTERS 


Four internal 
registers 
are addressable 
by the master 


processor: 2 for input, and 2 for output. The following 
table describes 
how these registers are accessed. 


RD 
WR 
CS 
Ao 
Register 


1 
0 
0 
0 
Data Input buffer 


o 
1 
0 
0 
Data output buffer 


1 
0 
0 
1 
Command input buffer 


o 
1 
0 
1 
Status output buffer 


X 
X 
1 
X 
Don't care 


The functions 
of each of these registers are described 


below. 


Data Input Buffer - 
Data written to this register is inter- 
preted in one of three ways, depending on the preceding 
command sequence. 
1. Part of a key. 
2. Data to be encrypted or decrypted. 
3. A DMA block count. 


Data Output Buffer - 
Data read from this register is the 


output of the encryption/decryption 
operation. 


Command Input Buffer - 
Commands to the DEU are 


written 
Into 
this 
register. 
(See command 
summary 


below.) 


Status Output Buffer - 
DEU status is available In this 


register at all times. It is used by the processor for poll- 
driven command and data transfer operations. 


STATUS BIT: 
17 
6 
5 
4 
3 
2 
0 I 


FUNCTION: 
. X 
X 
X 
KPE 
CF 
OEC 
IBF 
OBF 


OBF 
Output Buffer Full; OBF = 1 Indicates that output 
from 
the 
encryption/decryption 
function 
is 


available 
In the Data Output 
Buffer. It is reset 


when the data Is read. 


IBF 
Input Buffer Full; A write to the Data Input Buffer 
'or to the Command Input Buffer sets IBF = 1. The 
DEU resets this flag when It has accepted the 
Input 
byte. 
Nothing 
should 
be written 
when 


IBF= 1. 


DEC 
Decrypt; Indicates whether the DEU Is In an en- 
crypt 
or a decrypt 
mode. DEC = 1 Implies 
the 


decrypt 
mode. 
DEC= 0 
implies 
the 
encrypt 


mode. 


CF 
Completion 
Flag; This flag may be used to indi- 


cate any or all of three events in the data transfer 
protocol. 


1. It may be used in lieu of a counter 
In the 


processor 
routine to flag the end of an 8- 


byte transfer. 


2. It must be used to Indicate the validity 
of 


the KPE flag. 


3. It may be used in lieu of the CCMP interrupt 


to indicate the completion 
of a DMA oper- 


ation. 


KPE 
Key Parity 
Error; After 
a new key 
has been 


entered, the DEU uses this flag in conjunction 
with the CF flag to indicate correct or Incorrect 
parity. 


COMMAND SUMMARY 


1 - 
Enter New Key 


OP CODE: 
10 11 10 I0 I0 10 10 101 


MSB 
LSB 


T-hls command is followed 
by 8 data byte inputs which 


are retained 
in the key buffer 
(RAM) to be used in 


encrypting 
and decrypting data. These data bytes must 


have odd parity represented by the LSB. 


2 - 
Encrypt Data 


OP CODE: 
-10-1-01-1-1-1'-0-1-0 1-0-1-01 


MSB 
LSB 


This command puts the 8294 Into the encrypt mode. 


3 - 
Decrypt Data 


OPCOOE: 
~ 


MSB 
LSB 


This command puts the 8294 Into the decrypt mode. 


101010101 
A 1B 1 C 101 


MSB 
LSB 


where: 


A Is the OAV (Output Available) interrupt enable 
B Is the SRQ (Service Request) Interrupt enable 
C Is the DMA (Direct Memory Access) transfer enable 
o Is the CCMP (Conversion Complete) Interrupt enable 


De t:ntClUIt:lU.1"\ 
I 
III Ull~ r", •..•, '-"~•...••....••... 
... __ 


SRC, or CCMP interrupts respectively. A "1" in bit C will 
allow DMA transfers. 
When bit C is set the OAV and 
SRC interrupts 
should 
also be enabled (bits A,B = 1). 


Following the command in which bit C, the DMA bit, is 
set, the 8294 will expect one data byte to speci,fy the 
number.' of; ~e- 
Blocks. to be corwerted: using DMA. 


5 - 
Write to Output Port 


OP CODE: 
~11~I-p-6~Ip-s-I-p4~I-p-3~lp-2~1- 
P1~I-po-1 


MSB 
LSB 


This command causes the 7 least significant 
bits of the 
command byte to be latched as output data on the 8294 
output 
port. The initial 
output data is 1111111. Use of 


this 
port is independent 
of the encryption/decryption 
function. 


PROCESSORIDEU 
INTERFACE 
PROTOCOL 


ENTERING A NEW KEY 


The timing sequence for entering a new key is shown in 
Figure 
3. A flowchart 
showing 
the CPU software 
to 
accommodate this sequence is given in Figure 4. 


IBFJLJLJL 
n~_ 


CF =oJ 
I 
I 


WR -, rI ~ 
r;-EY 
lJ KEY 
U 
UD~~A UDATA 
DATA 
NEW 
- 
__ 
~ 


KEY 
COMMAND 


input buffer (most significant 
byte first). After the eighth 


byte is accepted by the DEU, CF goes true (CF= 1).The 
CF bit goes false again when KPE is valid. The CPU can 
then check the KP6 flag. If KiPE= 1, a parity error has 
been detected and the DEU has not accepted the key. 
Each byte is checked for odd parity, where the parity bit 
is the LSB of each byte. 


Since the CF bit is used in this protocol to indicate the 
validity of the KPE flag, it may not be used to flag the 
end of the 8 byte key entry. CF = 1 only as long as KPE is 
invalid. Therefore, tne,CPU might not detect that CF-= 1 
and the key entry 
is complete 
before 
KPE becomes 


valid. Thus, a counter should be used, as in Figure 4, to 
flag the end of the new key entry. Then, CF is used to 
indicate a valid KPE flag. 


YES 


N~=O? 
) 


YES 
8 


decrypting 
data. The CPU writes 
a data bytes 
to the 
DEU's data Input 
buffer 
for encryption/decryption. 
CF 


then 
goes true (CF = 1) to indicate 
that 
the 
DEU has 


accepted 
the a-byte block. Thus, the CPU may test for 


ISF::>0 and CF = l' to terminate 
the Input 
mode, or It 


may 
use a software 
counter. 
When 
the 
encryption/- 


decryption 
is complete, 
the CCMP and OAV interrupts 


are asserted and the OBF flag is set true (OBF = 1). OAV 
and OBF are set false again after each of the converted 
data bytes is read back by the CPU. The CCMP interrupt 
is set false, and remains false, after the first read. After 
a bytes have been read back by the CPU, CF goes false 
(CF = 0). Thus, the CPU may test for CF = 0 to terminate 
the read made. Also, the CCMP interrupt 
may be used to 


initiate 
a service routine which 'performs the next series 


of a data reads and a data writes. 


CCMP 
Il 
(IF ENABLED) 


SRaLJL 
Jl 
I 
(IF 
ENABLED) 
_ 


IBF~_~ 
aAV 
lUL_n 
(IF 
ENABLED) 
aBF 
IUL n 


CF] 
I 
I 


RO 
LJlJ-l[ 


wolJ1J-LJ 
~ 


II DATA WAITES 
100 ma - 
MAXIMUM 
• 
DATA 
READS 


Figure 6 offers two flowcharts 
outlining 
the alternative 


means of implementing 
the data conversion 
protocol. 


Either the CF flag or a software 
counter 
may be used to 


end the read and write 
modes. 


SRQ= 1 implies 
IBF=O, 
OAV= 
1 implies 
OBF= 
1. This 


allows 
interrupt 
routines 
to do data transfers 
without 


checking 
status first. 
However, the OAV service routine 


must detect 
and flag the end of a data conversion. 


inter 


USING DMA 


The timing sequence for data conversions using DMA is 
shown 
in Figure 
7. This 
sequence 
can 
be better 
understood 
when considered 
in conjunction 
with the 
hardware DMA interface in Figure 8. Note that the use of 
the DMA feature requires 3 external AND gates and 2 
DMA channels (one for input, one for output). Since the 
DEU has only one DMA request pin, the SRQ and OAV 
outputs 
are used in conjunction 
with two of the AND 


gates to create separate DMA request outputs for the 2 
DMA channels. The third AND gate combines the two 
active·low DACK inputs. 


. 
r 


I 


CF=rI'--- 
~1 


SRQ-mJlJ--l'-- 
, 


OAv 
IL_JL 


DMAR --.JLJ-Lr1 __fL- 


D"CK ~-1JLJ--U- 


RD 
LJ--LJ 


ViRlJLJl.J--1J 


SET 
OMA 
OMA 
BLOCK 
• OMA READS 
MODE 
COUNT (n) 


To initiate a DMA transfer, the CPU must first initialize 
the two DMA channels as shown in the flowchart 
in 


Figure 9. It must then issue a Set Mode command to the 
DEU enabling the OAV, SRQ, and DMA outputs. 
The 


CCMP interrupt may be enabled or disabled, depending 
on whether that output 
is desired. Following 
the Set 


Mode command, there must be a data byte giving the 
number of 8·byte blocks of data (n<256) to be converted. 
The DEU then generates the required number of DMA 
requests to the 2 DMA channels with no further CPU 
intervention. 
When the requested 
number of blocks 


has been converted, the DEU will set CF and assert the 
CCMP interrupt 
(if enabled). CCMP then 
goes false 


again with the next write to the DEU (command or data). 
Upon completion 
of the conversion, the DMA mode is 


disabled 
and the DEU returns to the encrypt/decrypt 


mode. The enabled 
interrupt 
outputs, 
however, will 


remain enabled until 
another Set Mode command 
is 


issued. 


SINGLE BYTE COMMANDS 


Figure 10 shows the timing and protocol for single byte 
commands. Note that any of the commands is effective 
as a pacify command in that they may be entered at any 
time, except during a DMA conversion. The DEU is thus 
set to a known state. However, if a command is issued 
out of sequence, an additional 
protocol 
is required 


(Figure 11). The CPU must wait until the command is 
accepted (ISF = 0). A data read must then be issued to 
clear anything the preceding command sequence may 
have left in the Data Output Buffer. 


inter 


CPWDEUINTERFACES 


Figures 12 through 15 illustrate four interface configura- 
tions used tnthe 
CPUlDEU.data transf8l's. 
In all cases 


SRC will be true (if enabled) and tSF will be false when 
the DEiU Is ready to ae:tept data orcommands. 


U 


IBF 
n~ 
_ 
U 
U 


~ 
[-,,-{ "'j" ) 


YES 
8 


8 


INTERFACE TO 8086, 8088, {: 
<: 
8 >G294 
~~~~:O:~o~o::sg= 
Rli - 
DEU 
cs--- 
Ao---- 


MASTER 


PROCESSOR 
INTERFACE 


DO'~ 
D7~ 


Rli---- 
WR---- 
cs---- 


r 


NT1 
I'~' 


MASTER1 
'Do~ 
PROCESSOR 
D7~ 


INTERFACE 
Rli 
WR---- 
cs_ 


Aa 


OMARa 
1$ FOR 
MEMORY 
TO 
DEU 
DATA 
T·RANSFER 
DMAR1 
IS FOR 
DEU 
TO MEMORY 
DATA 
TRANSFER 
USE 
OF 
CCMP 
IS OPTIONAL 


OSCILLATOR 
AND TIMING 
CIRCUITS 


The 8294's internal timing generation is controlled 
by a 
self-contained 
oscillator 
and timing circuit. A choice of 
crystal, L-C or external clock can be used to derive the 
basic oscillator 
frequency. 


The resident timing circuit 
consists 
of an oscillator, 
a 
state counter and a cycle counter as illustrated in Figure 
16. 


SYNC 
OUTPUT 
12.s •..•ec) 


Figure 16. Oscillator Configuration 


OSCILLATOR 


The on-board oscillator 
is a series resonant circuit with 
a frequency 
range of 1 to 6 MHz. Pins X1 and X2 are 
input and output (respectively) of a high gain amplifier 
stage. A crystal or inductor and capacitator connected 
between X1 and X2 provide the feedback and proper 
phase shift for oscillation. 
Recommended connections 
for crystal or L-C are shown in Figure 17. 


1- 


< 15 pF J.. 


(kNOC;~~~~~:~ 
T 
L_ 
15-25 pF 
(INS~~~:;'J 


STRAY) 
- 


20 pF 
D 
2 
Xl 


-=- 
L 
8294 


..d 
3 
X2 
-=- 20 pF 


Figure 17. Recommended Crystal 
and L-C Connections 


A recommended range of inductance and capacitance 
combinations 
is given below: 


L= 120l'H corresponds to 3MHz 
L= 
451'H corresponds to 5MHz 


An external clock signal can also be used as a frequency 
reference to the 8294; however, the levels are not com- 
patible. The signal 
must be in the 1MHz-6MHz 
fre- 


quency range and must be connected to pins X1 and X2 
by buffers with a suitable pull-up resistor to guarantee 
that a logic "1" 
is above 3.8 volts. The recommended 


connection is shown in Figure 18. 


+5V 


470.11 


fc 
2 
Xl 


+5V 


8294 
470.11 
3 
X2 


STANDARD 
TTL OR 
OPEN COLLECTOR 


'NOTICE: 
Stresses above those listed under "Absolute 


Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
opera- 


tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute maximum 


rating conditions for extended periods may affect device 
reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 
Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin With 
Respect to Ground. 
. . . . . . . . . . . . . .. 
-0.5V 
to + 7V 


Power Dissipation 
1.5 Watt 


Symbol 
Parameter 
Limits 
Unit 
Test Condillons 
Min. 
Typ. 
Max. 


VIL 
Input Low Voltage (All 
-0.5 
0.8 
V 
Except X" 
X2' RESEl) 


VIL1 
Input Low Voltage (X1, X2, 
-0.5 
0.6 
V 
RESEl) 


V1H 
Input High Voltage (All 
2.2 
Vee 
V 
Except X1, X2, RESEl) 


VIH1 
Input High Voltage (X1, X2, 
3.8 
Vee 
V 
Rrn'n 


VOL 
Output 
Low Voltage (00- 07) 
0.45 
V 
IOL=2.0mA 


VOL1 
Output 
Low Voltage (All 
0.45 
V 
IOL= 1.6mA 
Other Outputs) 


VOH 
Output High Voltage (00-07) 
2.4 
. 
V 
IOH= -400"A 
VOH1 
Output High Voltage (All 
2.4 
V 
IOH= -50"A 
Other Outputs) 


IlL 
Input Lea~e-9urrent 
±10 
~ 
Vss" 
V1N" Vcc 


(RD, WR, CS, A~ 


loz 
Output 
Leakage Current 
±10 
~ 
Vss +0.45 ,;; VOUT,;; Vec 


(00-07> High Z State) 


100 
Voo Supply Current 
5 
15 
mA 


100+ Ice 
Total Supply Current 
60 
125 
mA 


III 
Low Input Load Current 
0.5 
mA 
VIL=0.8V 
(Pins 24, 27-38) 


ILl1 
Low Input Load Current 
0.2 
mA 
VIL= 0.8V 
(RESEl) 


IIH 
Input High Leakage Current 
100 
/LA 
VIN = Vee 
(Pins 24, 27-38) 


CIN 
Input Capacitance 
10 
pF 


CliO 
I/O Capacitance 
20 
pF 


inter 
8294 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAR 
CS, Ao Setup to AD ~ 
0 
ns 


tRA 
CS, Ao Hold After RD t 
0 
ns 


tRR 
RD Pulse Width 
250 
ns 


tAD 
CS, Ao to Data Out Delay 
225 
ns 
CL=150pF 


tRo 
RD ~ to Data Out Delay 
225 
ns 
CL= 150pF 


tOF 
RD t to Data Float Delay 
100 
ns 


tCY 
Cycle Time 
2.5 
15 
".s 
6MHz Crystal 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAW 
CS, Ao Setup to WR ~ 
, 
0 
ns 


tWA 
CS, Ao Hold After WR t 
0 
ns 


tww 
WR Pulse Width 
250 
,. 
ns 
._' 


tow 
Data Setup to Wf!i t 
150 
ns 


two 
Data Hold to WR t 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tACC 
DACR Setup to Control 
0 
ns 


tCAC 
~ 
Hold After Control 
0 
ns 


tACO 
~ 
to Data Valid 
225 
ns 
CL = 150 pF 


tCRQ 
Control 
L.E. to DRO T.E. 
200 
ns 


tCI 
Control T.E. to Interrupt T.E. 
tcy+500 
ns 


inter 


_tRD~ 
~DF 


DATA BUS 
tAD 


(OUTPUT) ------------ 
-DATA 
VALID 
--------------- 


1 
r 


(SYSTEM'S 


~ 
ADDRESS BUS) 


--".1J~.~~~~~~_'_ww 
l r-------------------(W-RITE 
CONTROL) 
_tDw=fLtWD 


• Interfaces 
Dot Matrix Printers to 


MCS.48™, MCS.8018S™, MCS·86™ 
Systems 


• 40 Character 
Buffer On Chip 


• Serial or Parallel Communication 
with 
Host 


• 
DMA Transfer Capability 


• 
Programmable 
Character Density (10 or 
12 Chararcters/lnch) 


The Intel'" 8295 Dot Matrix Printer Controller 
provides an interface for microprocessors 
to the LAC 7040 Series dot 
matrix impact printers. It may also be used as an interface to other similar printers. 


The chip may be used in a serial or parallel communication 
mode with the host processor. In parallel mode, data 
transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters 
and contains a 7 x 7 matrix character generator accommodating 
64 ASCII characters. 


Ro 
_ 


WIi--_ 
E--_ 


i5ACi(ISIN 
--_ 


ORQICTS 
__ 


mET--- 
"::===8 
XTAl1 
--_ 
TIMING 


XTAL2--- 


intJ 


Pin 
Symbol 
No. 
Type 
Name and Function 


PFEED 
1 
I 
Paper 
Feed: 
Paper 
feed 
input 
switch. 


XTAL1 
2 
I 
Crystal: 
Inputs for a crystal to set in- 
XTAL2 
3 
ternal 
oscillator 
frequency. 
For 
proper operation 
use 6 MHz crystal. 


RESET 
4 
I 
Reset: 
Reset input, active low. After 
reset the 8295 will be set for 12 char- 
acters/inch 
single 
width 
printing, 
solenoid strobe at 320 msec. 


NC 
5 
No Connection: 
No connection 
or 
tied high. 


CS 
6 
I 
Chip Select: 
Chip select input used 


to enable the RD and WR inputs ex- 
cept during DMA. 


GND 
7 
Ground: 
This 
pin must 
be tied to 


ground. 


RD 
8 
I 
Read: 
Read input which enables the 
master CPU to read data and status. 
In the serial 
mode this pin must be 
tied to Vcc. 


Vcc 
9 
Power: 
+5 volt power input: 
+5V ± 


10%. 


WR 
10 
I 
Write: 
Write input which enables the 
master CPU to write data and com- 
mands to the 8295. In the serial mode 
this pin must be tied to Vss. 


SYNC 
11 
0 
Sync: 
2.5 /,-S clock 
output. 
Can be 
used as a strobe for external circuitry. 


Do 
12 
I/O 
Data Bus: 
Three-state 
bidirectional 
D, 
13 
data bus buffer lines used to interface 


D. 
14 
the 8295 to the host processor in the 


Da 
15 
parallel 
mode. 
In the serial 
mode 


D. 
16 
Do-D. 
sets up the baud rate. 


Ds 
17 


D6 
18 


D7 
19 


GND 
20 
Ground: 
This 
pin must be tied 
to 
ground. 


Vcc 
40 
Power: 
+5 volt power 
input: 
+5 ± 


10%. 


Pin 
Symbol 
No. 
Type 
Name and Function 


HOME 
39 
I 
Home: 
Home input switch, 
used by 


the 8295 to detect that the print head 
is in the home position. 


DACKISIN 
38 
I 
DMA Acknowledge/Serial 
Input: 
In 


the parallel 
mode used as DMA ac- 


knowledgment; 
in the serial 
mode, 


used as input for data. 


DRO/CTS 
37 
0 
DMA Request/Clear 
to Send: 
In the 


parallel 
mode used as DMA request 


output pin to indicate to the 8257 that 
a DMA transfer 
is requested; 
in the 


serial 
mode used .as clear-to-send 


signal. 


IRO/SER 
36 
0 
Interrupt 
Request/Serial 
Mode: 
In 


parallel 
mode it is an interrupt 
re- 


quest 
input 
to the master 
CPU; in 


serial mode it should be strapped to 
Vss· 


MOT 
35 
0 
Motor: 
Main motor drive, active low. 


STB 
34 
0 
Solenoid 
Strobe: 
Solenoid 
strobe 


output. Used to determine duration of 
solenoids activation. 


S7 
33 
0 
Solenoid: 
Solenoid 
drive outputs; 


50 
32 
active low. 


Ss 
31 
-s. 
30 
Sa 
29 
S. 
28 
S, 
27 


Voo 
26 
Power: 
+5V 
power 
input 
(+5V 
± 


10%). Low power standby pin. 


Vcc 
25 
Power: 
Tied high. 


GP1 
24 
0 
General 
Purpose: 
General purpose 


GP2 
23 
0 
output pins. 


TOF 
22 
I 
Top of Form: Top of form input, used 
to sense top of form signal for type T 
printer. 


PFM 
21 
0 
Paper 
Feed 
Motor 
Drive: 
Paper 


feed motor drive, active low. 


inter 


The 8295 interfaces 
microcomputers 
to the LRC 7040 
Series dot matrix impact printers, and to other similar 
printers. It provides internal buffering of up to 40 char- 
acters. Printing begins automatically when the buffer is 
full or when a carriage return character is received. It 
provides a modified 7x7 matrix character generator. The 
character set includes 64 ASCII characters. 


Communication 
between the 8295 and the host proc- 


essor can be implemented in either a serial or parallel 
mode. The parallel mode allows for character transfers 
into the buffer via DMA cycles. The serial mode features 
selectable data rates from 110 to 4800 baud. 


The 8295 also offers two general purpose output pins 
which can be set or cleared by the host processor. They 
can be used with various printers to implement such 
functions 
as ribbon 
color 
selection, 
enabling 
form 


release solenoid, and reverse document feed. 


Hex Code 
Description 


00 
Set GP1. This command brings the GP1 pin 
to a logic high state. After power on it is 
automatically set high. 


01 
Set GP2. Same as the above but for GP2. 


02 
Clear GP1. Sets GP1 pin to logic low state, 
inverse of command 00. 


03 
Clear GP2. Same as above but for GP2. In- 
verse command 01. 


04 
Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 


05 
Print 10 characters/in. density. 


06 
Print 12 charactersJin. density. 


07 
Print double width characters. This com- 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 


08 
Enable DMA mode; must be followed 
by 


two bytes specifying 
the number of data 


characters to be fetched. Least significant 
byte accepted first. 


Hex Code 
Description 


09 
Tab character. 


OA 
Line feed. 


OB 
Multiple Line Feed; must be followed by a 
byte specifying the number of line feeds. 


OC 
Top of Form. Enables the line feed output 
until the Top of Form input is activated. 


OD 
Carriage Return. Signifies end of a line and 
enables the printer to start printing. 


OE 
Set Tab #1, followed by tab position byte. 


OF 
Set Tab #2, followed by tab position byte. 
Should be greater than Tab #1. 


10 
Set Tab #3, followed by tab position byte. 
Should be greater than Tab #2. 


11 
Print 
Head 
Home 
on 
Right. 
On 
some 


printers the print head home position is on 
the right. This command would enable nor- 
mal left to right printing with such printers. 


12 
Set Strobe Width; 
must 
be followed 
by 


strobe width selection byte. This command 
adjusts the duration of the strobe activa- 
tion. 


PROGRAMMABLE 
PRINTING 
OPTIONS 


CHARACTER DENSITY 


The character density is programmable at 10 or 12 char- 
actersJinch (32 or 40 characterslline). The 8295 is auto- 
matically set to 12characters/inch at power-up. Invoking 
the Print Double-Width command halves the character 
density (5 or 6 characters/inch). The 10 charJin or 12 
charJin command 
must 
be re-issued to 
cancel 
the 
Double-Width mode. Different character density modes 
may not be mixed within a single line of printing. 


PRINT INTENSITY 


The intensity of the printed characters is determined by 
the amount of time during which the solenoid is on. This 
on-time is programmable via the Set Strobe-Width com- 
mand. A byte following this command sets the solenoid 
on-time according 
to Table 2. Note that only the three 


least significant bits of this byte are important. 


07-03 
02 
01 
DO 
Solenoid On 
(microsec) 


x 
0 
0 
0 
200 


x 
0 
0 
1 
240 


x 
0 
1 
0 
280 


x 
0 
1 
1 
320 
x 
1 
0 
0 
360 


x 
1 
0 
1 
400 
x 
1 
1 
0 
440 


x 
1 
1 
1 
480 


TABULATIONS 


Up to three tabulation positions may be specified with 
the 8295. The column 
position 
of each tabulation 
is 


selected by issuing the Set Tab commands, each fol- 


lowed by a byte specifying 
the column. The tab posi- 
tions will then remain valid until new Set Tab commands 
are issued. 


Sending a tab character (09H) will automatically 
fill the 
character buffer with blanks up to the next tab position. 
The character sent immediately after the tab character 
will thus be stored and printed at that position. 


Communication 
between the CPU and the 8295 may 
take place in either a serial or parallel mode. However, 
the selection of modes is inherent in the system hard- 
ware; it is not software programmable. Thus, the two 
modes cannot be mixed in a single 8295 application. 


PARALLEL INTERFACE 


Two internal registers on the 8295 are addressable by 
the CPU: one for input, one for output. The following 
table describes how these registers are accessed. 


RDWRCS 


100 
010 


Register 


Input Data Register 
Output Status Register 


Input Data Register-Data 
written 
to this register is 
interpreted in one of two ways, depending on how the 
data is coded. 


1. A command to be executed (OXHor 1XH). 
2. A character to be stored in the character buffer for 
printing (2XH, 3XH, 4XH, or 5XH). See the character 
set, Table 2. 


Output Status Register-8295 
status is available in this 
register at all times. 


PA-Parameter 
Required; PA= 1 indicates that a com- 
mand requiring a parameter has been received. After the 
necessary parameters have been received by the 8295, 
the PA flag is cleared. 


DE-DMA 
Enabled; DE= 1 whenever the 8295 is in DMA 
mode. Upon completion of the required DMA transfers, 
the DE flag is cleared. 


IBF-Input 
Buffer Full; IBF = 1 whenever data is written 
to the Input Data Register. No data should be written to 
the 8295 when IBF = 1. 


A flow chart describing communication with the 8295 is 
shown in Figure 3. 


The interrupt request output (IRQ, Pin 36) is available on 
the 8295 for interrupt 
driven systems. This output 
is 
asserted true whenever the 8295 is ready to receive data. 


To improve bus efficiency and CPU overhead, data may 
be transferred from main memory to the 8295 via DMA 
cycles. Sending the Enable DMA command (08H) acti- 
vates the DMA channel of the 8295.This command must 
be followed by two bytes specifying the length of the 
data string to be transferred (least significant byte first). 
The 8295 will then assert the required DMA requests to 


the 8257 DMA controller without further CPU interven- 
tion. Figure 4 shows a block diagram of the 8295 in DMA 
mode. 


8257 
oMA 
CONTROLLER 


DACKx 


DRQx 


CS 
ORO 


RD 
oACK 
-WR 


--- 
RESET 


MDT 


PFM 
8295 


STB 


PFEEO 
HOME 


Data transferred in the DMA mode may be either com- 
mands or characters or a mixture of both. The procedure 
is as follows: 


1. Set up the 8257 DMA controller channel by sending a 


starting address and a block length. 


2. Set up the 8295 by issuing the "Enable DMA" com- 


mand (08H) followed 
by two bytes specifying 
the 
block length (least significant 
byte first). 


The DMA enabled 
flag 
(DE) will 
be true 
until 
the 


assigned data transfer is completed. Upon completion 
of the transfer, the flag is cleared and the interrupt re- 
quest (IRQ) signal is asserted. The 8295 then returns to 
the non-DMA mode of operation. 


inter 


SERIAL INTERFACE 


The 8295 may be hardware programmed to operate in 
a serial mode of communication. 
By connecting 
the 
IRQ/SER pin (pin 36) to logic zero, the serial mode Is 
enabled Immediately 
upon power-up. The serial Baud 
rate Is also hardware programmable; by strapping pins 
14,13, and 12 according toTable 3, the rate is selected. 
CS, RD, and WR must be strapped as shown in Figure 5. 


Pin 14 
Pin 13 
Pin 12 
Baud Rate 


0 
0 
0 
110 
0 
0 
1 
150 
0 
1 
0 
300 
0 
1 
1 
600 
1 
0 
0 
1200 
1 
0 
1 
2400 
1 
1 
0 
4800 
1 
1 
1 
4800 


The serial data format 
is shown in Figure 5. The CPU 
should wait for a clear to send signal (CTS) from the 
8295 before sending data. 


The strobe output 
signal of the 8295 determines 
the 
duration of the solenoid outputs, which hold the data to 
the printer. These solenoid 
outputs 
cannot drive the 
printer 
solenoids 
directly. 
They should 
be buffered 
through solenoid drivers as shown in Figure 6. Recom- 
mended solenoid and motor driver circuits may be found 
In the printer manufacturer's 
interface guide. 


+ 


STB 


57 


56 


56 


54 
8295 


53 


52 


51 


MOT 


PFM 


TO 
SOLENOID 
DRIVERS 


} 


TO 
MOTOR 


DRIVERS 


The 8295's internal timing generation is controlled by a 
self-contained 
oscillator 
and timing 
circuil. 
A 6 MHz 


crystal is used to derive the basic oscillator frequency. 
The resident timing circuit consists of an oscillator, 
a 


state counter and a cycle counter as illustrated in Figure 
7. The recommended 
crystal connection 
is shown in 


Figure 8. 


SYNC 
OUTPUT 
(2.5 "see) 


20 
space 
21_ 
! 
22 
23 
# 
24 
$ 


25 
% 


26 
& 
27 
28 
29 


2A 
2B 
+ 
2C 
2D 


2E 
2F 


30 
0 
40 
@ 
50 
P 
31 
1 
41 
A 
51 
a 
32 
2 
42 
B 
52 
R 
33 
3 
43 
C 
53 
S 
34 
4 
44 
b 
54 
T 
35 
5 
45 
E 
55 
U 
36 
6 
46 
F 
56 
V 


37 
7 
47 
G 
57 
W 
38 
8 
48 
H 
58 
X 
39 
9 
49 
I 
59 
Y 
3A 
5A 
J 
5A 
Z 
3B 
4B 
K 
5B 
[ 
3C 
< 
4C 
L 
5C 
\ 


3D 
4D 
M 
5D 
1 
3E 
> 
4E 
N 
5E 
t 


3F 
? 
4F 
0 
5F 


'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating ·only and functional 
opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute 
maximum 
rating condition's for extended periods may affect device 
reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 
Storage Temperature 
- 65· to + 150·C 
Voltage 
on Any Pin With 
Respect 
to Ground ...........•...... 
-0.5V 
to + 7V 
Power Dissipation 
1.5 Watt 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min. 
Typ. 
Max. 


V1L 
Input Low Voltage (All 
-0.5 
0.8 
V 
Except X1• X2• RESET) 


VIL1 
Input Low Voltage (X1• X2• 
-0.5 
0.6 
V 
, 


RESET) 
. 


V1H 
Input High Voltage (All 
2.2 
Vee 
V 
Except X1• X2. RESET) 


VIH1 
Input High Voltage (X1• X2• 
3.8 
Vee 
V 
RESET) 


VOL 
Output Low Voltage (Do-D7) 
0.45 
V 
IOL=2.0mA 


VOL1 
Output Low Voltage (All 
0.45 
V 
IOL= 1.6mA 
Other Outputs) 


VOH 
Output 
High Voltage (Do-D7) 
2.4 
V 
IOH= -4OOI'A 


VOH1 
Output High Voltage (All 
2.4 
V 
IOH= -50I'A 
Other Outputs) 
- 


IlL 
Input Leakage Current 
±10 
~ 
Vss" 
V1N" Vee 


(RD. WR. CS, A~ 


loz 
Output 
Leakage Current 
±10 
I'A 
Vss+0.45,,;; VOUT,,;;Vee 


(Do-D7• High Z State) 


100 
Voo Supply Current 
5 
15 
mA 


100+ Ice 
Total Supply Current 
60 
125 
mA 


III 
Low Input Load Current 
0.5 
mA 
V1L=0.8V 
(Pins 24. 27-38) 


ILl1 
Low Input Load Current 
0.2 
mA 
VIL=0.8V 
(RESET) 


IIH 
Input High Leakage Current 
100 
!LA 
V1N= Vee 


(Pins 22. 38) 
C1N 
Input Capacitance 
10 
pF 


CliO 
I/O Capacitance 
20 
pF 


inter 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAR 
CS, Ao Setup to RD ~ 
0 
ns 


tRA 
CS, Ao Hold After RD t 
0 
ns 


tRR 
RD Pulse Width 
250 
ns 


tAD 
CS, Ao to Data Out Delay 
225 
ns 
Cl= 150 pF 


tRo 
RD ~ to Data Out Delay 
225 
ns 
Cl= 150 pF 


toF 
RD t to Data Float Delay 
100 
ns 


tCY 
Cycle Time 
2.5 
15 
,..s 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAW 
CS, Ao Setup to WR ~ 
0 
ns 


tWA 
CS, Ao Hold After WR t 
0 
ns 


tww 
WR Pulse Width 
250 


.. 
ns 
, 


tow 
Data Setup to WR t 
150 
ns 


two 
Data Hold to WR t 
0 
ns 
. ~ 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tACC 
DACK Setup to Control 
0 
ns 


tCAC 
DACK Hold After Control 
0 
ns 


tCRQ 
WR to DRO Cleared 
200 
ns 


tACO 
DACK to Data Valid 
225 
ns 
Cl = 150 pF 


2.' 
2.0 
2.0 
> TeST 
POINTS < 


0.8 
0.8 
0.45 


'ROE 
3>0F 
'AD 


DATA 
BUS 
. 


(OUTPUT)------------ 
DATA 
VALID 
------------- 


1r.1 


-'Dw-fl- 
'WD 


D:~: 
'_' 
'_Ac_'9 
V_A_LI_D 
..•X 
_ 


inter 


\ 


."~- 


Symbol 
Parameter 
Typical 


POH 
Print delay from 
1.8 ms 


home inactive 
. 


Sos 
Solenoid 
data 
25 "s 


setup time before 
strobe active 


SHS 
Solenoid 
data 
>1 ms 


hold after strobe 
inactive 


MHA 
Motor hold time 
3.2 ms 


J' 
after home active 


PSP 
PFEED setup time 
58 ms 


after PFM active 


PHP 
PFM hold time 
9.75 ms 


after PFEED active 


Memory Controllers 


8202A 
DYNAMIC RAM CONTROLLER 


• Provides All Signals Necessary to Control 
2104A, 2117, or 2118 Dynamic Memories 


• Directly Addresses and Drives Up to 64K 
Bytes Without External Drivers 


• 
Provides 
Address 
Multiplexing 
and 
Strobes 


• Provides a Refresh Timer and a Refresh 
Counter 


• Refresh Cycles May be Internally or Exter- 
nally Requested 


• 
Fully 
Compatible 
with 
Intel@ 8080A, 


8085A, iAPX88, and iAPX86 Family Micro- 
processors 


• Decodes CPU Status for Advanced Read 


Capability 


• Provides System Acknowledge and Trans- 


fer Acknowledge Signals 


The Intel@8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2104A, 2117, or 
2118 Dynamic RAMs in microcomputer 
systems. The 8202A provides multiplexed addresses and address strobes, as well 


as refresh/access 
arbitration. 
The 8202A-1 supports 
an internal 
crystal 
oscillator. 


AH, 


AH, 


AH, 


AHI 


AHO 


ALO 


RASo 
OOfo 


RAS1 
AL, 


RAS2 


OUT, 


AL, 


RAS3 


OOT, 


AL, 


C'AS 
0UT3 


WE 
ALA 


OUT, 


SACK 


ALS 


XACK 


OOTs 


AL6 
OP3 


0UT6 


ONO 


m3 


81 
OP, 


BO 
m2 
m, 


RASo 


inter 


Pin 
Symbol 
No. 
Type 
Name and Function 


ALa 
6 
I 
Address 
Low: CPU,address 
in- 


ALl 
8 
I 
puts used to generate 
memory 


AL2 
10 
I 
row address. 
AL3 
12 
I 
AL6/0P3 
used 
to 
select 
4K 


AL4 
14 
I 
RAM mode. 
ALS 
16 
I 
AL6/0P3 
18 
I 


AHa 
S 
I 
Address 
High: CPU address 
in- 
AH1 
4 
I 
puts used to generate 
memory 
AH2 
3 
I 
column address. 
AH3 
2 
I 
AH4 
1 
I 
AHS 
39 
I 
AH6 
38 
I 


BO 
24 
I 
Bank 
Select 
Inputs: 
Used to 


Bl/OPl 
2S 
I 
gate 
the 
appropriate 
RASO- 


RAS3 output 
for a memory cy- 


cle. Bl/0P1 
option used to se- 


lect the Advanced 
Read Mode. 


PCS 
33 
I 
Protected 
Chip Select: 
Used to 


enable 
the 
memory 
read 
and 


write 
inputs. 
Once 
a cycle 
is 
started, 
it will not abort even if 
PCS goes inactive 
before cycle 


completion. 


WR 
31 
I 
Memory 
Write 
Request. 


RD/S1 
32 
I 
Memory 
Read 
Request: 
S 1 
function used in Advanced Read 
mode selected 
by OPl 
(pin 2S). 


REFRQI 
34 
I 
External 
Refresh Request: 
ALE 


ALE 
function used in Advanced Read 
mode, selected 
by OP1 (pin 2S). 


OUTO 
7 
0 
Output 
of 
the 
Multiplexer: 
OUTl 
9 
0 
These 
outputs 
are designed 
to 
OUT2 
11 
0 
drive the addresses 
of the Dy- 
OUT3 
13 
0 
namic RAM array. 
For 4K RAM 


OUT4 
lS 
0 
operation, 
OUT6 is designed 
to 
OUTS 
17 
0 
drive the 2104A CS input. (Note 
OUT6 
19 
0 
that the OUTO-6 pins do not re- 
quire 
inverters 
or drivers 
for 
proper operation. 


WE 
28 
0 
Write 
Enable: 
Drives the Write 
Enable 
inputs 
of the 
Dynamic 


RAM array. 


CAS 
27 
0 
Column 
Address 
Strobe: 
This 


output is used to latch the Col- 
umn Address 
into the Dynamic 


RAM array. 


Pin 
Symbol 
No. 
Type 
Name and Function 


RASa 
21 
0 
Row Address 
Strobe: 
Used to 


RASl 
22 
0 
latch the Row Address 
into the 


RAS2 
23 
0 
bank of dynamic RAMs, select- 


RAS3 
26 
0 
ed by the 8202A 
Bank 
Select 


pins (BO. Bl/OP1)· 


XACK 
29 
0 
Transfer 
Acknowledge: 
This 


output is a strobe indicating 
val- 


id data 
during 
a read cycle 
or 


data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 


SACK 
30 
0 
System 
Acknowledge: 
This 


output indicates the beginning of 
a memory access 
cycle. 
It can 


be used as an advanced 
trans- 


fer acknowledge 
to eliminate 


wait states. 
(Note: If a memory 


access request is made during a 
refresh 
cycle. 
SACK is delayed 


until 
XACK in the 
memory 
ac- 


cess cycle). 


(XO)OP2 
36 
1/0 
Oscillator 
Inputs: 
These inputs 
(Xl) CLK 
37 
1/0 
are designed for a quartz crystal 
to control 
the frequency 
of the 


oscillator. 
If XOIOP2 
is connect- 


ed to a 1KQ resistor 
pulled 
to 


+ 12V then Xli 
CLK becomes 
a 


TTL input for an external 
clock. 


N.C. 
35 
Reserved for future use. 


VCC 
40 
Power Supply:+SV. 


GND 
20 
Ground. 


II 
cs*I 
II 


Functional Description 
The 8202A provides a complete dynamic RAM controller 
for microprocessor 
systems as well as expansion memory 
boards. All of the necessary control signals are provided 
for 2104A, 
2117, and 2118 dynamic RAM's. 


All 8202A 
timing is generated 
from a single reference 
clock. This clock is provided via an external oscillator 
or 
an on chip crystal 
oscillator. 
All output signal transitions 
are synchronous with respect to this clock reference, ex- 
cept for the CPU handshake 
signals SACK and XACK 
(trailing edge). 


CPU memory requests 
normally use the RD and WR in- 
puts. The advanced READ mode allows ALE and S 1 to be 
used in place of the RD input. 


Failsafe refresh is provided via an internal refresh timer 
which 
generates 
internal 
refresh 
requests. 
Refresh 
re- 
quests can also be generated via the REFRQ input. 


An on-ehip synchronizer / arbiter prevents memory and re- 
fresh 
requests 
from affecting 
a cycle 
in progress. 
The 
READ, WRITE, and external REFRESH requests may be 
asynchronous 
to the 8202A clock; on-chip logic will syn- 


chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 


Option Selection 
The 8202A has three strapping options. When OP1 is se- 
lected (16K mode only), pin 32 changes from a RD input to· 
an S1 input, and pin 34 changes from a REFREQ input to 
an ALE input. See "Refresh Cycles" 
and "Read Cycles" 


for more detail. OP 1 is selected by tying pin 25 to + 12V 
though a 5.1K ohm resistor. 


When OP2 is selected, 
by connecting 
pin 36 to + 12V 
through a 1K ohm resistor, pin 37 changes from a crystal 
input (X1) to the CLK input for an external TTL clock. 


OP3 is selected by connecting Pin 18 to + 12V through a 
5.1K ohm resistor. The 8202A will change its internal re- 
fresh timer from 128-row refresh (2118, 2117) to 64-row 
refresh (2104A). 


Refresh Timer 
The refresh timer is used to monitor the time since the last 
refresh cycle occurred. 
When the appropriate 
amount of 
time has elapsed, the refresh timer will request a refresh 
cycle. External refresh requests will reset the refresh tim- 
er. 


Refresh Counter 
The refresh counter is used to sequentially refresh all of 
the memory's rows. The 8-bit counter is incremented after 
every refresh cycle. 


Address Multiplexer 
The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate 
time. The address outputs, in 


conjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the first part of a read or write cy- 
cle, ALO-AL6 
are gated to OUTO-OUT6, then AHO-AH6 


are gated to the address outputs. 


During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive, RAS active). 


To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 


OUTO-OUT 6 do not need inverters or buffers unless addi- 
tional drive is required. 


Synchronizer / Arbiter 
The 8202A 
has three inputs, REFRQ/ ALE (pin 34), RD 


(pin 32) and WR (pin 31). The RD and WR inputs allow an 
external CPU to request a memory read or write cycle, 
respectively. 
The REFRQ / ALE allows refresh requests to 


be requested external to the 8202A. 


All three of these inputs may be asynchronous 
with re- 


spect to the 8202A's 
clock. The arbiter will resolve con- 


flicts 
between 
refresh 
and memory 
requests, 
for both 


pending cycles and cycles in progress. Read and write re- 
quests will be given priority over refresh requests. 


System Operation 
The 8202A is always in one of the following states: 


a) IDLE 
b) TEST Cycle 
c) REFRESH Cycle 
d) READ Cycle 
e) WRITE Cycle 


The 8202A is normally in the IDLE state. Whenever one of 
the other cycles 
is requested, 
the 8202A 
will leave the 
IDLE state to perform the desired cycle. If no other cycles 
are pending, the 8202A will return to the IDLE state. 


Description 
Pin # 
Normal 
Function 
Option 
Function 


B1/0P1 
25 
Bank (RAS) Select 
Advanced-Read 
Mode 


XOIOP2 
36 
Crystal Oscillator 
(8202A-1) 
External 
Oscillator 


AL6/0P3 
18 
Address 
Input 
64-ROW Refresh 


inter 


Test Cycle 
The TEST Cycle is used to check 
operation 
of several 


8202A 
internal functions. TEST cycles are requested 
by 


activating the RD and WR inputs, independent of PCS. The 
TEST Cycle will reset the refresh address counter and per- 
form a WRITE Cycle. The TEST Cycle should oot be,used 
in normal system operation, 
since it would affect the dy- 


namic RAM refresh. 


Refresh Cycles 
The 8202A 
has two ways of providing dynamic RAM re- 
fresh: 


1) Internal (failsafe) refresh 
2) External (hidden) refresh 


Both types of 8202A refresh cycles activate all of the RAS 
outputs, while CAS, WE, SACK, and XACK remain inac- 
tive. 


Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8202A clock to ensure that refresh of 
all rows of the dynamic RAM occurs every 2 milliseconds. 
If REFRQ is inactive, the refresh timer will request a re- 
fresh cycle every 10-16 microseconds. 


External refresh is requested via the REFRQ input (pin 34). 
External 
refresh 
control 
is not available 
when the Ad- 


vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8202A clock. 


The arbiter will allow the refresh request to start a refresh 
cycle only if the 8202A 
is not in the middle of a cycle. 


Simultaneous 
memory 
request 
and external 
refresh 
re- 


quest will result in the memory request being honored first. 
This 8202A 
characteristic 
can be used to "hide" refresh 


cycles 
during 
system 
operation. 
A circuit 
similar 
to 


Figure 5 can be used to decode 
the CPU's instruction 


fetch status to generate an external refresh request. The 
refresh request is latched while the 8202A 
performs the 


instruction fetch; the refresh cycle will start immediately 
after the memory cycle is completed, even if the RD input 
has not gone inactive. If the CPU's instruction decode time 
is long enough, the 8202A can complete the refresh cycle 
before the next memory request is generated. 


Certain system 
configurations 
require complete 
external 


refresh 
requests. 
If external 
refresh 
is requested 
faster 


than the minimum internal refresh timer (tREF), then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh 
request, 
and the internal refresh 
timer will never 


generate a refresh request. 


So 
~ 
REFRO 


B085A 


S1 
8202A 


SACK or 
CAS 


Read Cycles 
The 8202A 
can accept 
two different 
types 
of memory 


Read requests: 


1) Normal Read, via the RD input 
2) Advanced Read, using the S 1 and ALE inputs 


The user can select the desired Read request configura- 
tion via the B1 /OP1 hardware strapping option on pin 25. 


Normal 
Read 
Advanced 
Read 


Pin 25 
81 input 
+ 12 Volt Option 


Pin 32 
RD input 
Sl 
input 


Pin 34 
REFRQ input 
ALE input 


# RAM banks 
4 (RAS 0-3) 
2 (RAS 2-3) 


Ext. Refresh 
Yes 
No 


Normal Reads are requested by activating 
the RD input, 


and keeping it active until the 8202A 
responds 
with an 


XACK pulse. The RD input can go inactive as soon as the 
command hold time (tCHS) is met. 


Advanced 
Read cycles 
are requested 
by pulsing ALE 


while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced 
Read timing is similiar to Normal Read timing, 


except the falling edge of ALE is used as the cycle start 
reference. 


If a Read cycle is requested 
while a, refresh cycle 
is in 


progress, 
then the 8202A 
will set the internal delayed- 


SACK latch. When the Read cycle is eventually started, 
the 8202A will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate 
for the CPU's READY 


setup and hold times. The delayed-SACK 
latch is cleared 


after every READ cycle. 


Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
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normally be used; if the CPU can tolerate 
an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate 
the amount of advance 
provided 
by SACK. 
If 


SACK arrives too early to provide the appropriate 
number 


of WAIT states, 
then either XACK or a delayed form of 


SACK should be used. 


Write Cycles 
Write cycles 
are similiar to Normal Read cycles, 
except 


for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8202A Write cycles are 
"early-write" 
cycles; WE goes active before CAS goes ac- 
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 


General System Considerations 
All memory requests 
(Normal Reads, Advanced 
Reads, 


Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems 
which 
use battery 
backup 


should pullup PCS to prevent erroneous memory requests, 
and should aiso pullup WR to keep the 8202A 
out of its 


test mode. 


In order to minimize propagation delay, the 8202A uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee 
RAS and CAS setup and hold times for the 


RAM. The 8202A 
tAD AC parameter 
should be used for 


this system calculation. 


The BQ-B1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 


The 8202A uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer 
for the external refresh input (REFRQ). As 


with any synchronizer, 
there is always a finite probability 


of metastable 
states inducing system errors. The 8202A 


synchronizer 
was designed to have a system error rate 


less than 1 memory cycle every three years based on the 
full operating range of the 8202A. 


A microprocessor 
system is concerned with the time data 


is valid after RD goes low. See Figure 7. In order to calcu- 
late memory read access times, the dynamic RAM's A.C. 
specifications 
must be examined, especially 
the RAS-ac- 


cess time (tRAC) and the CAS-access 
time (tCAC). Most 


configurations 
will be CAS-access 
limited; i.e., the data 


from the RAM will be stable tcc,max 
(8202A) + tCAC 


(RAM) after a memory read cycle is started. 
Be sure to 


add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 


Since the 8202A normally performs 
"early-write" 
cycles, 


the data must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM's data setup time. If 
the system 
does not normally guarantee 
sufficient 
write 


data setup, you must either delay the WR input signal or 
delay the 8202A WE output. 


Delaying the WR input will delay all 8202A timing, including 
the READY handshake signals, SACK and XACK, which 
may increase the number of WAIT states generated by the 
CPU. 


If the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 


RD~ 
;- 


I 
I 
_'.---tRlOV 
I 
I 
I 


DATA ------(,.------B- 


I 
~-----': 


~tRAC__.j 
I 
I 
RAS---~\ 
1 
~ 


I 
I 
tCAe 
I 
'-t 


CAS 
--------\ 
i~ 


ALO-6 
OUT0-6 


AHO-6 
80-1 


8202A 


{16K MODEl 
WE 


CAS 


RolS1 
RASO 


WR 


8088 


AOO-7 


RO 


WR 


RAS, 


RAS2 


RAS3 


XACK 
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..... 
-0.5V 
to +7V4 
.1.5 Watts 


'NOTE: 
Stresses 
above 
those 
listed' under "Absolute 
Maxi- 


mum Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress ~ating only and functional 
operation 
of the de- 


vice at these or any other conditions 
above those indicated 
in 


the operational 
sections 
of this specification 
is not implied. 


Exposure 
to absolute 
maximum 
rating 
conditions 
for 
ex- 


tended periods 
may affect 
device 
reliability. 


Ambient Temperature 
Under Bias 
Storage Temperature 
. 


Voltage 
On any Pin 
With Respect 
to Ground 
Power Dissipation 


............ 
O°C to 70°C 


. .-65°C 
to +150°C 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Vc 
Input clamp 
Voltage 
-1.0 
V 
IC = -5 
mA 


ICC 
l 
Power Supply Current 
270 
mA 


IF 
Forward 
Input Current 
•• 


ClK 
-2.0 
mA 
VF = 0.45V 


All Other Inputs3 
-320 
IlA 
VF = 0.45V 


IR 
Reverse Input Current3 
40 
IlA 
VR - VCC (Note 1) 


VOL 
Output low 
Vol!age 


SACK,XACK 
0.45 
V 
tOl 
= 5 mA 
All Other Outputs 
, 
0.45 
V 
10l 
= 3 mA 


VOH 
Output High Voltage 
Vil 
= 0.65V 


SACK,XACK 
2.4 
V 
10H = -1 
mA 


All Other Outputs 
2.6 
V 
10H = -1 
mA 


Vil 


J 
Input low 
Voltage 
0.8 
V 
VCC = 5.0V (Note 2) 
- 


VIH1 
Input High Voltage 
2.0 
V 
VCC = 5.0V 


VIH2 
Option Voltage 
V 
(Note 4) 


F=1MHz 


CIN 
Input Capacitance 
30 
pF 
VBIAS = 2.5V, VCC = 5V 


TA=25°C 


NOTES: 


1. IR = 200 mA for pin 37 (eLK) 
for external 
clock 
mode. 


2. 
For 
test 
mode 
RD & WR must 
be held 
at GND. 


3. 
Except 
for 
pin 36. 


4. 


+12 
Volt 
1 K 
3. 


±10% 
0'2 


8202A 


5.1 K 
25 
01'1 


5.1 K 
IS 
OP3 


Resistor 
Tolerance: 
±5% 


TA = ODC to 70DC, VCC = 5V ± 
10% 


Measurements 
made with respect 
to RASO-RAS3, 
CAS, WE,OUTO-OUT6 
are at 2.4V and 0.8V. All 
other pins are measured 
at 1.5V. All times are in nsec. 


Symbol 
Parameter 
Min 
Max 
Notes 


tp 
Clock Period 
40 
54 


tpH 
External 
Clock High Time 
20 


tPL 
External 
Clock Low Time-above 
(» 
20 mHz 
17 


tpL 
External 
Clock Low Time-below 
«) 
20 mHz 
20 


tRC 
Memory Cycle Time 
lOtp - 
30 
12tp 
4, 5 


tREF 
Refresh Time (64 cycles-4K 
mode) 
548tp 
576tp 


tREF 
Refresh Time (128 cycles-16K 
mode) 
264tp 
288tp 


tRP 
RAS Precharge 
Time 
4tp - 
30 


tRSH 
RAS Hold After CAS 
5tp - 
30 
3 


tASR 
Address 
Setup to RAS 
tp - 
30 
3 


tRAH 
Address 
Hold From RAS 
tp - 
10 
3 


tASC 
Address 
Setup to CAS 
tp - 
30 
3 


tCAH 
Address 
Hold from CAS 
5tp - 
20 
3 


tCAS 
CAS Pulse Width 
-- . 
5tp - 
10 


twcs 
WE Setup to CAS 
tp - 
40 


tWCH 
WE Hold After CAS 
5tp - 
35 
8 


tRS 
RD, WR, ALE, REFRQ delay from RAS 
5tp 


tMRP 
RD, WR setup to RAS 
0 
5 


tRMS 
REFRQ setup to RD, WR 
2tp 


tRMP 
REFRQ setup to RAS 
2tp 
~ 


5 


tpcs 
PCS Setup to RD, WR, ALE 
20 


tAL 
S 1 Setup to ALE 
15 


tLA 
Sl Hold from ALE 
30 


tCR 
RD, WR, ALE to RAS Delay 
tp + 30 
2tp + 70 
2 


tcc 
RD, WR, ALE to CAS Delay 
3tp + 25 
4tp + 85 
2 


tsc 
CMD Setup to Clock 
15 
1 


tMRS 
RD, WR setup to REFRQ 
5 


tCA 
RD, WR, ALE to SACK Delay 
2tp + 47 
2 


tcx 
CAS to XACK Delay 
5tp - 
25 
5tp + 20 


tcs 
CAS to SACK Delay 
f 
5tp - 
25 
5tp + 40 
2 


tACK 
XACK to CAS Setup 
10 


txw 
XACK Pulse Width 
tp - 
25 
7 


tCK 
SACK, XACK turn-off Delay 
35 


tKCH 
CMD Inactive 
Hold after SACK, XACK 
10 


tLL 
REFRQ Pulse Width 
20 


tCHS 
CMD Hold Time 
- 
30 


tRFR 
REFRQ to RAS Delay 
4tp + 100 
6 


tww 
WR to WE Delay 
0 
50 
8 


tAD 
CPU Address 
Delay 
0 
40 
3 


intJ 


WAVEFORMS 


Normal Read or Write Cycle 


tCR 
--MIN- 


tCR 
---MAX 


intJ 


WAVEFORMS (cant'd) 


Memory Compatibility 
Timing 


BO_B'1 
t 
:~~~~~~ 
VALID ADDRESS 
---M-I~-~------------------~~2 


IRSH 


tCAS 


WAVEFORMS 
(cont'd) 


Read or Write Followed By External Refresh 


-~._l===t-MRP 
-- 


\- 


mE'ORMS 
(cont'a) 


Clock And System T!mlng 


Table 
2 
8202A 
Output Test 
Loading. 


Test Load 
Pin 


SACK,XACK 
CL = 30 pF 
OUTO-OUTS 
CL = lS0 
pF 
RASO-RAS3 
CL = 60 pF 
WE 
CL = 224 pF 
CAS 
CL = 320 pF 


NOTES: 


1. tsc is a reference 
point only. ALE, RD, WR, and REFRQ 
inputs 
do 


not have to be externally 
synchronized 
to 8202A 
clock. 


2. 
If tRS 
min and 
tMRS 
min are met 
then, 
tCA, 
tCR, 
and 
tcc 
are 
valid, 
otherwise 
tcs 
is valid. 


3. 
tASR, tRAH, tASC, 
tCAH, and tRSH depend 
upon 80-81 
and CPU 
address 
remaining 
stable 
throughout 
the memory 
cycle. 
The ad- 


dress 
inputs 
are not latched 
by the 8202A. 


4. 
For back-to-back 
refresh 
cycles, 
tRC max = 13tp 


5. tRC max is valid 
only if tRMP min is met (READ, 
WRITE followed 


by REFRESH) 
or tMRP 
min is met (REFRESH 
followed 
by READ, 
WRITE). 


6. 
tRFR 
is valid 
only if 'RS min and tRMS 
min are met. 


7. 
txw 
min applies 
when RD, WR has already 
gone high. Otherwise 
XACK follows 
RD, WR. 


8. 
WE goes 
high 
according 
to tWCH 
or tww, 
whichever 
occurs 
first. 
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The typical rising and falling characteristic curves 
can be used to determine the effects of capacitive 
loading on the A.C. Timing Parameters. Using this 


design 
tool 
in 
conjunction 
with 
the 
timing 


waveforms, the designer can determine typical tim- 
ing shifts based on system capacitive load. 


E.. 
~ 
2.4 
~ 
o 


E.. 
~ 
2.4 
.. 
::>o 


r-sn"-j 


NOTE: 


Use the Test load 
as the base capacitance for estimating timing 


shifts for system critical timing parameters. 


TYPICAL CONDITIONS: 


TA = 25°C 
Pins not under test are loaded with Test load 


Vcc = +5V 
capacitance. 


tp = 50 ns 
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Example: 
Find the effect on tCR and tcc using 6;4 
2118 Dynamic RAMs configured 
in 4 banks. 


1. Determine the typical RAS and CAS capacitance: 


From the data sheet RAS = 4 pF and CAS = 4 pF. 
:. RAS load = 64 pF + board capacitance. 


CAS load = 256 pF + board capacitance. 
Assume 
2 pF/in 
(trace 
length) 
for 
board 


capacitance. 


2. From the waveform diagrams, we determine that 


the falling, edge timing is needed for tCRand tCC' 
Next find ttJe curve that best approximates 
the 


test load; Le.,68 pF for RAS and 330 pF for CAS. 


3. If we use 72 pF for RAS loading, then the tCR 


(max.) spec should be increased by about 1 ns. 
Similarly if we use 288 pF.fQrCAS, then tcc (min.) 
and (max.) should decrease about 1 ns. 


8203 
64K DYNAMIC RAM CONTROLLER 


• Provides All Signals Necessary to Control 
64K (2164), 
16K (2117, 
2118) 
and 4K 
(2104A) Dynamic Memories 


• Directly Addresses and Drives Up to 64 
Devices Without External Drivers 


• 
Provides 
Address 
Multiplexing 
and 
Strobes 


• Provides a Refresh Timer and a Refresh 
Counter 


• 
Fully 
Compatible 
with 
Intel@ 8080A, 


808SA, iAPX 88, and iAPX86 Family Micro- 
processors 


• Decodes CPU Status for Advanced Read 


Capability in 16K mode 


• Provides System Acknowledge and Trans- 


fer Acknowledge Signals 


• Refresh Cycles May be Internally or Exter- 


nally Requested (For Transparent Refresh) 


• Internal Series Damping Resistors on All 


Outputs 


The Intel~ 8203 is a Dynamic Ram System Controller designed to provide all signals necessary to use 2164, 2118, 2117, 
or 2104A 
Dynamic RAMs in microcomputer 
systems. 
The 8203 provides multiplexed addresses 
and address strobes, 
refresh logic, refresh/access 
arbitration. 
Refresh cycles can be started internally or externally. 


coo._ 
A'" 
vcc 
........ 


i5Uf ••••• 
, 


AH3 
AHS 


AH2 


AH, 
X,/CU< 


AHe> 


ALe> 
16K/iWK 


.ow 
OUT. 
_os 
REFRQ/ALE 


AL, 
~ 
.. 
- 
M, 
AD/51 


.,/OP, 
m, 


AL2 
iili 
m, 
m, 
OOT2 


AL3 


"'" 


0UT3 
WE 
,..,. 
••• 


Al.4 
en 
•.......,.. 


OUT" 
RAS3lBoI 


•••• 


ALs 
Bl/0P11AH7) 


•••• 
OUTs 
BoIAL1) 


Al6/OP3 
RAS2100T71 


OUT. 
RAS, 


GNO 
Rno 
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Pin 
Symbol 
No. 
Type 
Name and Function 


ALO 
6 
Address 
Low: 
CPU address 
in- 


ALl 
8 
puts used to generate 
memory 


AL2 
10 
row apdress. 


AL3 
12 
AL6/0P3 
used 
to 
select 
4K 


AL4 
14 
RAM mode. 


AL5 
16 


AL6/0P3 
18 


AHO 
5 
Address 
High: CPU address 
in- 


AHI 
4 
puts used to generate 
memory 


AH2 
3 
column address. 


AH3 
2 


AH4 
1 
AH5 
39 
AH6 
38 


BO/AL7 
24 
Bank 
Select 
Inputs: 
Used 
to 


Bl/0Pl1 
25 
gate the appropriate 
RAS output 
AH7 
for a memory cycle. B 11 OP 1 op- 
. 
tion used to select the Advanced 
Read 
Mode. 
(Not 
available 
in 


64K mode.) See Figure 5. 
When in 64K RAM Mode, pins 24 
and 25 operate 
as the AL 7 and 
AH7 address 
inputs. 


PCS 
33 
I 
Protected 
Chip Select: 
Used to 
enable 
the 
memory 
'read 
and 
write 
inputs. 
Once 
a cycle 
is 


started, 
it will not abort even if 
PCS goes inactive 
before cycle 


completion. 


WR 
31 
I 
Memory 
Write 
Request. 


RDISI 
32 
I 
Memory 
Read 
Request: 
S 1 


function used in Advanced 
Read 
mode selected 
by OPI (pin 25). 


REFRQI 
34 
I 
External 
Refresh 
Request: 
ALE 


ALE 
function used in Advanced 
Read 
mode, selected 
by OPI (pin 25). 


OUTO 
7 
0 
Output 
of 
the 
Multiplexer: 
OUTI 
9 
0 
These 
outputs 
are designed 
to 


OUT2 
11 
0 
drive the addresses 
of the Dy- 
OUT3 
t3 
0 
namic RAM array. (Note that the 
OUT4 
15 
0 
OUTO-7 pins do not require 
in- 


OUT5 
17 
0 
verters 
or drivers for proper op- 


OUT6 
19 
0 
eration. 


WE 
28 
0 
Write 
Enable: 
Drives the Write 


Enable 
inputs 
of the 
Dynamic 
RAM array. 


CAS 
27 
0 
Column 
Address 
Strobe: 
This 
output is used to latch the Col- 
umn Address 
into the Dynamic 
RAM array. 


Pin 
Symbol 
No. 
Type 
Name and Function 


RASO 
21 
0 
Row Address 
Strobe: 
Used to 


RASI 
22 
0 
latch the Row Address 
into the 


RAS21 
23 
0 
bank of dynamic 
RAMs, select- 


OUT7 
ed by the 8203 Bank Select pins 


RAS3/BO 
26 
I/O 
(BO, B 11 OP 1). In 64K 
mode, 


only RASO and RASI 
are avai, 


able; pin 23 operates 
as OUT7 


and pin 26 operates 
as the BO 


bank select 
input. 


XACK 
29 
0 
Transfer 
Acknowledge: 
This 


output is a strobe indicating 
val- 


id data 
during 
a read 
cycle 
or 


data written during a write cycle. 
XACK can be used to latch valid 
data from' the RAM array. 


SACK 
30 
0 
System 
Acknowledge: 
This 


output indicates 
the beginning of 


a memory access 
cycle. 
It can 


be used as an advanced 
trans- 


fer 
acknowledge 
to eliminate 


wait states. 
(Note: If a memory 


access request is made during a 
refresh 
cycle, 
SACK is delayed 


until 
XACK in the 
memory 
ac- 


cess cycle). 


XOIOP2 
36 
I/O 
Oscillator 
Inputs: 
These inputs 


Xl/CLK 
37 
I/O 
are designed for a quartz crystal 
to control 
the frequency 
of the 


oscillator. 
" XOIOP2 
is directly 


pulled up to VCC or if XOIOP2 
is 


connected 
to 
a 1KQ resistor 


" 


pulled to + 12V then XII 
CLK be- 


comes a TTL input for an exter- 
nal clock. 


16K/64K 
35 
I 
Mode Select: 
This input selects 


16K mode (2117, 
2118) or 64K 


mode 
(2164). 
Pins 
23-26 


change 
function 
based 
on the 


mode of operation. 


VCC 
40 
Power 
Supply: 
+5V. 


GND 
20 
Ground. 


Functional Description 
The 8203 provides a complete dynamic RAM controller for 
microprocessor 
systems 
as well as expansion 
memory 


boards. All of the necessary control signals are provided 
for 2164,2118,2117, 
and 2104A dynamic RAM's. 


The 8203 has three modes, one for 4K dynamic RAM's, 
one for 16K's and one for 64K's, controlled by pin 35 and 
pin 18. 


inter 


Xo 
WE 
,-- 
I 
CAS 
CS* 
= 
,KO 
I 
±5% 
RASa 
I 
Xl 
I 
CS..1. 
RAS1 


8800 
T 
8203 
":" 
±S% 
I 
liAS, 
-' 


":" 
RASa 


Cs < 10pF 
XACK 


FUNDAMENTAL 
XTAl 
SACK 


All 8203 timing is generated from a single reference clock. 
This clock is provided via an external oscillator or an on- 
chip crystal oscillator. All output signal transitions are syn- 
chronous with respect to this clock reference, except for 
the CPU handshake signals SACK and XACK. 


CPU memory requests normally use the RD and WR in- 
puts. The Advanced-Read 
mode allows ALE and S 1 to be 


used in place of the RD input. 


Failsafe refresh is provided via an internal timer which gen- 
erates 
refresh 
requests. 
Refresh requests 
can also be 


generated via the REFRQ input. 


An on-chip synchronizer / arbiter prevents memory and re- 
fresh requests 
from affecting 
a cycle 
in progress. 
The 


READ, WRITE, and external REFRESH requests may be 
asynchronous 
to the 8203 clock; 
on-chip logic will syn- 


chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 


16K/64K Option Selection 
Pin 35 is a strap input that controls the two 8203 modes. 
Figure 4 shows the four pins that are multiplexed. In 16K 
mode (pin 35 tied to VCC or left open), the 8203 has two 
Bank Select inputs to select one of four RAS outputs. In 
this mode, the 8203 is exactly 
compatible 
with the Intel 


8202A Dynamic RAM Controller. In 64K mode (pin 35 tied 
to GND), there is only one Bank Select input (pin 26) to 
select the two RAS outputs. More than two banks of 64K 
dynamic RAM's can be used with external logic. 


Other Option Selections 
The 8203 has three strapping options. When OP1 is se- 
lected (16K mode only), pin 32 changes from a RD input to 
an S 1 input, and pin 34 changes from a REFRQ input to an 
ALE input. See "Refresh Cycles· 
and "Read Cycles· 
for 


more detail. OP 1 is selected 
by tying pin 25 to + 12V 


through a 5.1K ohm resistor. 


When OP2 is selected, by connecting pin 36 to VCC, pin 
37 changes from a crystal input (X 1) to the ClK 
input for 


an external TIl 
clock. 


OP3 is selected by connecting pin 18 to + 12V through a 
5.1 K ohm resistor, the 8203 will change its internal refresh 
timer from 128-row refresh (2164, 2118, 2117) to 64-row 
refresh (2104A). 


Refresh Timer 
The refresh timer is used to monitor the time since the last 
refresh cycle occurred. 
When the appropriate 
amount of 


time has elapsed, the refresh timer will request a refresh 
cycle. 
External 
refresh 
requests 
will reset 
the refresh 


timer. 


Refresh Counter 
The refresh counter is used to sequentially refresh all of 
the memory's rows. The 8-bit counter is incremented after 
every refresh cycle. 


Pin # 
16K Function 
64K Function 


23 
RAS2 
Address Output (OUT?) 


24 
Bank Select (BO) 
Address Input (AL?) 


25 
Bank Select (B 1) 
Address Input (AH?) 


26 
RAS3 
Bank Select (BO) 


Inputs 
Outputs 


BO 
B1 
RASO 
RAS1 
RAS2 
RAS3 


0 
0 
0 
1 
1 
1 


16K 
0 
1 
1 
0 
1 
1 


Mode 
1 
0 
1 
1 
0 
1 


1 
1 
1 
1 
1 
0 


64K 
0 
- 
0 
1 
- 
- 


Mode 
1 
- 
1 
0 
- 
- 


Description 
Pin # 
Normal 
Function 
Option 
Function 


B1/0P1 (16Konly)1 AH? 
25 
Bank (RAS) Select 
Advanced-Read Mode 


XOIOP2 
36 
Internal (Crystal) Oscillator 
External Oscillator 


AL6/0P3 
18 
Address Input 
64-Row Refresh 


Address Multiplexer 
The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate 
time. The address outputs, in 


conjunction with the RAS and CAS outputs, determine the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the first part of a read or write cy- 
cle, ALO-AL? 
are gated to QUTO-QUT?, then AHO-AH? 


are gated to the address outputs. 


During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive. RAS active). 


To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 


QUTO-QUT? do not need inverters or buffers unless addi- 
tional drive is required. 


Synchronizer / Arbiter 
The 8203 has three inputs, REFRQ/ ALE (pin 34), RD (pin 
32) and WR (pin 31). The RD and WR inputs allow an ex- 
ternal CPU to request a memory read or write cycle, re- 
spectively. 
The REFRQ / ALE allows refresh requests to 


be requested external to the 8203. 


All three of these inputs may be asynchronous 
with re- 


spect to the 8203's clock. The arbiter will resolve conflicts 
between refresh and memory requests, for both pending 
cycles and cycles in progress. 
Read and write requests 


will be given priority over refresh requests. 


System Operation 
The 8203 is always in one of the following states: 


a) IDLE 
b) TEST Cycle 
c) REFRESH Cycle 
d) READ Cycle 
e) WRITE Cycle 


The 8203 is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8203 will leave the IDLE 
state to perform the desired cycle. If no other cycles are 
pending, the 8203 will return to the IDLE state. 


Test Cycle 
The TEST Cycle is used to check operation 
of several 


8203 internal functions. TEST cycles are requested by ac- 
tivating the PCS, RD and WR inputs. The TEST Cycle will 
reset the refresh address counter and perform a WRITE 
Cycle. The TEST Cycle should not be used in normal sys- 
tem operation, since it would affect the dynamic RAM re- 
fresh. 


Refresh Cycles 
The 8203 
has two 
ways 
of providing 
dynamic 
RAM 


refresh: 


1) Internal (failsafe) refresh 
2) External (hidden) refresh 


Both types of 8203 refresh cycles activate all of the RAS 
outputs, while CAS, WE, SACK, 
and 
XACK 
remain 


inactive. 


Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8203 clock to ensure that refresh of all 
rows of the dynamic 
RAM occurs 
every 2 milliseconds 


(128 
cycles) 
or every 
4 milliseconds 
(256 
cycles). 
If 


REFRQ is inactive, the refresh timer will request a refresh 
cycle every 10-16 microseconds. 


External refresh is requested via the REFRQ input (pin 34). 
External 
refresh 
control 
is not available 
when the Ad- 


vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8203 clock. 


The arbiter will allow the refresh request to start a refresh 
cycle only if the 8203 is not in the middle of a cycle. 


Simultaneous 
memory 
request 
and external 
refresh 
re- 


quest will result in the memory request being honored first. 
This 8203 characteristic 
can be used to "hide" refresh cy- 


cles during system operation. A circuit similar to Figure? 
can be used to decode the CPU's instruction fetch status 
to generate an external refresh request. The refresh re- 
quest is latched while the 8203 performs the instruction 
fetch; 
the refresh cycle 
will start 
immediately 
after the 


memory cycle is completed, 
even if the RD input has not 


gone inactive. If the CPU's instruction decode time is long 
enough, the 8203 can complete the refresh cycle before 
the next memory request is generated. 


Certain system configurations 
require complete 
external 


refresh requests. 
If external 
refresh is requested 
faster 


than the minimum internal refresh timer (tREF), then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, 
and the internal refresh 
timer will never 


generate a refresh request. 


50~ 


----REFRQ 
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5, 


~ 
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Read Cycles 
The 8203 can accept two different types of memory Read 
requests: 


1) Normal Read, via the RD input 
2) Advanced Read, using the S1 and ALE inputs (16K 
mode only) 


The user can select the desired Read request configura- 
tion via the B1/0P1 
hardware strapping option on pin 25. 


Normal 
Read 
Advanced 
Read 


Pin 25 
81 input 
+ 12 Volt Option 


Pin 32 
RD input 
51 input 


Pin 34 
REFRQ input 
ALE input 
# RAM banks 
14 
(RA5 0-3) 
2 (RA5 2-3) 
Ext. Refresh 
Yes 
No 


Normal Reads are requested by activating the RD input, 
and keeping 
it active 
until the 8203 responds 
with an 
XACK pulse. The RD input can go inactive as soon as the 
cL'mmand hold time (tCHS) is met. 


Advanced 
Read cycles 
are requested 
by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 


If a Read cycle is requested 
while a refresh cycle is in 
progress, 
then the 8203 will set the internal 
delayed- 
SACK latch. When the Read cycle is eventually started, 
the 8203 will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate 
for the CPU's READY 
setup and hold times. The delayed-SACK 
latch is cleared 
after every READ cycle. 


Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CPU can tolerate 
an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate 
the amount of advance 
provided 
by SACK. 
If 
SACK arrives too early to provide the appropriate 
number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 


Write Cycles 
Write cycles are similiar to Normal Read cycles, 
except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. 
All 8203 Write cycles are 
"early-write" 
cycles; WE goes active before CAS goes ac- 


tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 


General System Considerations 
All memory requests 
(Normal Reads, Advanced 
Reads, 


Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems 
which 
use battery 
backup 


should pullup PCS to prevent erroneous memory requests. 


In order to minimize propagation delay, the 8203 uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee 
RAS and CAS setup and hold times for the 


RAM. The tAD AC parameter should be used for this sys- 
tem calculation. 


The BO-B1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 


The 8203 uses a two-stage 
synchronizer 
for the memory 


request inputs (RD, WR, ALE), and a separate two stage 
synchronizer 
for the external refresh input (REFRQ). As 
with any synchronizer, 
there is always a finite probability 


of metastable 
states 
inducing system 
errors. 
The 8203 
synchronizer 
was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8203. 


A microprocessor 
system is concerned when the data is 


valid after RD goes low. See Figure 9. In order to calculate 
memory 
read access 
times, 
the dynamic 
RAM's 
A.C. 


specifications 
must be examined, especially 
the RAS-ac- 


cess time (tRAC) and the CAS-access 
time (lCAc). 
Most 


configurations 
will be CAS-access 
limited; I.e., the data 


from the RAM will be stable 
tcc,max 
(8203) + tCAC 


(RAM) after a memory read cycle is started. 
Be sure to 


add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 


Since the 8203 normally performs 
"early-write" 
cycles, 


the data must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM's data setup time. If 
the system does not normally guarantee 
sufficient 
write 


data setup, you must either delay the WR input signal or 
delay the 8203 WE output. 


Delaying the WR input will delay all 8203 timing, including 
the READY handshake signals, SACK and XACK, which 
may increase the number of WAIT states generated by the 
CPU. 


If the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 
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I 


8284. 
8288 
READ 
MROC 
I 
"AD 


WRITE 
MWTC 
I 
WRITE 


~ 


8286 


MULTIBUS 
XCElVER 


ROY 
TYPE 
SYSTEM 
BUS 
Boa. 
t 
HtGH 
BYTE 


I 
SHEN 
WRITE 


ADAO 
I AIr' 
A~16 
A17-A19 


OTHER 
I ADAF 
AO'9 I 
READY 
INPUTS 
I 
I 
2'84 


I 
I 
2_ 
BYTES 
I 
I 


00-15 
I 
I 


DATA 
Dl ,. 
,. 


Ambient Temperature 
Under Bias 
O°C to 70°C 
Storage 
Temperature 
-S'5°C 
to -+ 150°C 


Voltage 
On any Pin 
With Respect 
to Ground. 
Power Dissipation 
.. :-0.5V 
to +7V4 


. . . . 1.5 Watts 


'NOTE: Stresses 
above those listed under "Absolute 
Maxi- 


mum Ratings" 
rr;ay cau~e per.manent damage tq the device. 


This is a stress rating only and funcfional operation of the de- 
vice at these or any oth'e, conditions above those indicated in 
the operational 
sections 0; 'thjs specification 
is not implied. 


Exposure 
to absolute 
maximum 
rating 
conditions 
for ex- 


tended periods 
may affect device reliability . 


~.- 


D.C. CHARACTERISTICS 
TA = O°C to 70°C; 
VCC = 5.0V ± ·10% (5.0V ±. 5% for 8203-3); 
GND = OV 
.. 


Symbol 
Parameter 
,Min 
Max 
Units 
T.est'Conditions 
. 


Vc 
Input Clamp Voltage 
" 
-1.0 
.·V 
IC = -5 
mA._ 
. 


ICC 
Power Sup'ply Current 
'-. 
J 
270 
mA' 
.- 


IF 
;Forward 'Input Current 
I 
. 
.. 
..• 
:CLK 
-2.0 
,mA 
VF = OA5V 


All Other Inputs3 


...- 
.. 
.- 
I 
-320 
IlA 
VF = 0.45V 
.., ' 


IR 
.' 
Reverse Input Current3 
I 
40 
')LA. 
VR = VCC (Note 1) 


VOL 
Output Low Voltage 
I 
l,1 
. 
.. 


'SACK,XACK 
0.45 
.~V 
IOL = 5 mA 
.. 
,All Other Outputs 
0.45 
V 
10L = 3,mA 
. l 


VOH 
Output High Voltage 
, 
VIL = 0.S5 V 
I 


SACK;XACK 
.. 
2.4 
V. 
10H = -'1 mA 
All Other Outputs 


! 
" 
'2.S 
IOH =':"'1 
mA 
, 
V 


" 
' 


V 
,J 
.' 
VIL 
Input Low Voltage 
0.8 
VCC = 5.0V (Note 2) 


VIH1 
, Input High VOltag~ 
2.0 
VCC 
V 
VCC = 5.0V 


VIH2 
Option Voltage 
VCC 
V 
(N0le 3) 
•.. 


t 


, 
F ,= 1 MHz 


CIN 
Input Capacitance 
30 
pF 
VBIAS': 
2.5V, VCC = 5V 


. 


'TA='25°C 


NOTES: 
1. IR = 200 mA for, pin 37 (C'LK) for extenial 
clock 
mode. 


2. For test 
mode 
RD.& WR must be held at GND. 


3. Except 
for pin 36 in XTAL mode. 


4. 


+12 
Volt 
5.1KO 
2S 


.±:10% 
OP, 


8203 


r 


5.1Kf! 
18 
OP3. 


Resistor 
Tolerance: 
± 5% 
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A.C. CHARACTERISTICS 


TA = O·C to 70·C; 
VCC = 5V ± 
10% (5.0V ± 5% for 8203-3); 
GND = OV 


Measurements 
made with respect 
to RASa-RAs3, 
CAS, WE, OUTO-OUT6 
are at 2.4V 
and 0.8V. 
All 


other pins are measured 
at 1.5V. All times are in nsec. 


Symbol 
Parameter 
Mln 
Max 
Note. 


tp 
Clock 
Period 
40 
54 


tPH 
External 
Clock High Time 
20 


tpL 
External 
Clock Low Time-above 
(» 
20 mHz 
17 
" 


tpL 
. 
External 
Clock Low Time-below 
(:5) 
20 mHz 
20 


tRC 
Memory 
Cycle Time 
10tp - 
30 
,12tp 
4, 5 


tREF 
Refresh 
Time (64 cycles-4K 
mode) 
548tp 
576tp 


tREF 
Refresh 
Time (128 cycles) 
264tp 
288tp 


tRP 
RAs Precharge 
Time 
4tp - 
30 


tRsH 
RAS Hold After CAS 
i 
5tp - 
30 
3 


tAsR 
Address 
Setup to RAs 
tp - 
30 
~;;:., 
3 


tRAH 
Address 
Hold From RAs 
tp - 
10 
t 
3 


tAsC 
Address 
Setup to CAS 
. 
tp - 
30 
3 


tCAH 
Address 
Hold from CAS 
. 
5tp - 
20 
3 
. 


tCAs 
CAS Pulse Width 
5tp - 
10 


twcs 
WE Setup to CAS 
tp - 
40 
t 
~ 


tWCH 
WE Hold After CAS 
5tp - 
35 
8 


tRs 
RD, WR, ALE, REFRQ delay from RAs 
5tp 
2,6 


tMRP 
RD, WR setup to RAs 
0 
5 


tRMs 
REFRQ setup to RD, WR 
2tp 
6 


tRMP 
REFRQ setup to RAs 
2tp 
5 


tpcs 
PCs Setup to RD, WR, ALE 
20 


tAL 
51 Setup to ALE 
15 


tLA 
51 Hold from ALE 
30 


tCR 
RD, WR, ALE to RAs Delay 
tp + 30 
2tp + 70 
2 


tcc 
RD, WR, ALE to CAS Delay 
3tp + 25 
4tp + 85 
2 


tsc 
CMD Setup to Clock 
15 
1 


tMRs 
RD, WR setup to REFRQ 
5 
2 


tCA 
RD, WR, ALE to SACK Delay 
2tp + 47 
2 


tcx 
CAS to XACK Delay 
5tp - 
25 
5tp + 20 


tcs 
CAS to SACK Delay 
5tp - 
25 
5tp + 40 
2 


tACK 
XACK to CAS Setup 
10 


txw 
XACK Pulse Width 
tp - 
25 


tCK 
SACK, XACK turn-off 
Delay 
35 


tKCH 
CMD Inactive 
Hold after SACK, XACK 
10 


tLL 
REFRQ Pulse Width 
20 


tCHs 
CMD Hold Time 
30 


tRFR 
REFRQ to RAs Delay 
4tp + 100 
6 


tww 
WR to WE Delay 
0 
50 
8 


tAD 
CPU Address 
Delay 
0 
40 
3 


intJ 


WAVEFORMS 


Normal 
Read or Write 
Cycle 


Bo-B, ~ 
f- 
:~~-=.~~~ 
VALID ADDRESS 
_--~A-A'?t------------ .--::,~ 


WAVEFORMS 
(cont'd) 


Read or Write 
Followed 
By External 
Refresh 


---1:===-=-~-I"'-RP------------ 


\_- 


T.ble 
2 
8203 
Output 
Lo.dlno. 


All 
.pecl'flc.tlon 
•• 
re 


'for the 
T•• t Lo.d 
un- 


_e•• 
other"",l.e 
not.d. 


PIn 
=.'l<"><"OR 
'OUTO- 
'OUTe 
0-1=fAS3 
WI!: 


""""'!l 


Te.t 
Lo_d 


CL 
- 
30 
pF 


CL 
- 
160 
pF 
CL 
- 
eo pF 


CL 
- 
224 
pF 
C 
- 
320 
pF 


NOTes: 
1. 
t.o 
Ie • rafaranca 
point 
only. ALE. In:5. ~. 
and REFRO 
Input a do 


not 
n.va 
'0 
b. 
a",,'arn.lIy 
.yncnronlzad 
to 8203 
Olock. 


2. 
If 'RS ""in .nd 
'MRS 
""In .ra 
mat than 'CA. 
'CR. 
and tcc 
ara valid. 


otn.r_laa 
tcs 
I. 
valid. 


3. 
'ASR. 
tRAH. tASC. 
tCAH •• nd 'RSH 
dapend 
upon 80-8 
I and CPU 


addr ••• 
r.""alnlnO 
•• abla 
thro •..• 
ghout 
'ha 
ma""ory 
cyela. 
Tna ad· 


dr ••• 
Input. 
ara no. latchad 
by tna 
8203. 


<4. Por back·to·b.ck 
rafr •• h cyclaa. 
'RC 
""a"" _ 
·13tp 


e. 
tRC ""a"" la valid 
only If tRMP 
mln I. 
mat (READ. 
WRITE falla_ad 
by R 
FReS'-., 
Or tMRP 
""In I. 
mat (REFRESH 
folio_ad 
by READ, 


WRITe). 


~: 
~:A~.ir:~~:=~~~~~~ln 
.nhda:Ratt:.'::; 
oa';:a"'n~~~.Othar_l.a 


e. 
WI! 
Qoa. 
high 
aocordlno 
to 
'WCH 
or 
tWW. 
_hlchavar 
OOClur. 
fir.' 


The typical 
rising 
and falling 
characteristic 
curves 


can be used to determine 
the effects 
of capacitive 


loading 
on the A.C. Timing 
Parameters. 
Using this 


design 
tool 
in 
conjunction 
with 
the 
timing 


waveforms, 
the designer 
can determine 
typical 
tim- 


ing shifts based on system capacitive 
load. 


f-sn0-1 


NOTE: 


Use the Test load 
as the base capacitance 
for estimating timing 


shifts for system critical timing parameters. 


TYPICAL CONDITIONS: 


TA = 2SoC 
Pins not under test are loaded with Test load 


Vcc = +SV 
capacitance. 


tp = SO ns 
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Example: Find the effect on tCR and tcc using 32 
2164 Dynamic RAMs configured 
in 2 banks. 


1. Determine the typical RAS and CAS capacitance: 
From the data sheet RAS = 5 pF and CAS = 5 pF. 
:. RAS load = 80 pF + board capacitance. 
CAS load = 160 pF + board capacitance. 
Assume 
2 pF/in 
(trace 
length) 
for 
board 


capacitance. 


2. From the waveform diagrams, we determine that 


the falling ed.getiming is needed for tCRand tCC' 


Next find the curve that best approximates 
the 


test load; i:e., 68 pF for RAS and 330 pF for CAS. 


3. If we use 88 pF for RAS loading, then tCR (min.) 


spec should be increased by about 1 ns, and tCR 
{max.) spec should be increased by about 2 ns. 
Similarly if we use 176 pF for CAS, then tcc (min.) 
should decrease by 3 ns and tcc (max.) should 
decrease about 7 ns~- 


..8206 
ERROR DETECTION AND CORRECTION 
UNIT 


• Detects and Corrects All Single Bit 
Errors 


• 
Detects All Double Bit and Most 
Multiple Bit Errors 


• 52 ns Maximum for Detection; 
67 ns 
Maximum for Correction 
(16 Bit 
System) 


• Expandable 
to Handle 80 Bit Memories 


• Syndrome 0i.Jtputs for Error Logging 


• Separate 
Input and Output 


Busses-No 
Timing Strobes Required 


• Supports Reads With and Without 


Correction, Writes, Partial (Byte) 
Writes, and Read-Modify-Writes 


• HMOS Technology for Low Power 


• 68 Pin Leadless JEDEC Package 


• Single +5V Supply 


The HMOS 8206 Error Detection 
and Correction 
Unit is a high-speed 
device that provides 
error detection 
and 
correction 
for memory 
systems 
(static 
and dynamic) 
requiring 
high 
reliability 
and performance. 
Each 8206 
handles 8 or 16 data bits and up to 8 check bits. 8206's can be cascaded 
to provide 
correction 
and detection 
for 
up to 80 bits of data. Other 8206 features 
include 
the ability 
to handle 
byte writes, 
memory 
initialization, 
and 
error 
logging. 


GND 
+5V 
1 1 


ilJfef 


Symbol 
Pin No. 
Type 


D10-15 
1,68-61, 
I 
59-53 


CBI/SYlo 
5 
I 
CBI/SYI1 
6 
I 
CBI/SYI2 
7 
I 
CBI/SYI3 
8 
I 
CBI/SYI4 
9 
I 
CBI/SYI5 
10 
I 
CBI/SYI6 
11 
I 
CBI/SYI7 
12 
I 


DO/WDlo 
51 
I/O 
DO/WDI1 
50 
I/O 
DO/WDI2 
49 
I/O 
DO/WDI3 
48 
I/O 
DO/WDI4 
47 
I/O 
DON{DI5 
46 
I/O 
DOiWDI6 
45 
I/O 
DO/wDI7 
44 
I/O 
DO/WDle 
42 
I/O 
DO/WDlg 
41 
I/O 
DO/wDI10 
40 
I/O 
DO/WDI11 
39 
I/O 
DO/WDI12 
38 
I/O 
DO/WDI13 
37 
I/O 
DO/WDI14 
36 
I/O 
DO/WDI15 
35 
I/O 


SYO/CBO/PPOo 
23 
0 


SYO/CBO/PP01 
24 
0 
SYO/CBO/PP02 
25 
0 
SYO/CBO/PP03 
27 
0 
SYO/CBO/PP04 
28 
0 
SYO/CBO/PP05 
29 
0 
SYO/CBO/PP06 
30 
0 
SYO/CBO/PP07 
31 
0 


PPlo/POSo 
13 
PPI1/POS1 
14 


PPI2/NSLo 
15 
PPI3/NSL1 
16 


PPI4/CE 
17 
I/O 


PPI5 
18 
PPI6 
19 
PPI7 
20 


ERROR 
22 
0 


CRCT 
52 


STB 
2 


Table 1. Pin Description 


Name and Function 


Data In: These inputs accept a 16 bit data word from RAM for error detection 
and/or correction. 


Check Bits In/Syndrome 
In: In a single 8206 system, or in the master in a multi- 


8206 system, these inputs accept the check bits (5 to 8) from the RAM. In a 
single 8206 16 bit system, CB10-5are used. In slave 8206's these i~uts 
accept 


the syndrome from the master, with the syndrome 
latched by RIW going low. 


Data Out/Write 
Data In: In a read cycle, data accepted Ei'..Q10-15 appears at 


these outputs corrected 
if CRCT is low, or uncorrected 
if c;RCi is high. The BM 


inputs- must be high to enable the output 
buffers during the read cycle. In a 


write cycle, data to be written into the RAM is accepted by these inputs for com- 
puting the write check bits. In a partial-write 
cycle, th~byte 
not to be modified 


appears at either DOO-7if BMo is high, or DOe-15 if BM1 is high, for writing 
to 


the RAM. When WZ is active, it causes the 8206 to output all zeros at DOO-15' 
with the proper write check bits on CBO. 


Syndrome 
Out/Check 
Bits Out/Partial 
Parity Out: In a single 8206 system, or 


in the master in a multi-8206 system, the syndrome 
appears at these outputs 


during a read. During a write, the write check bits appear. In slave 8206's the 
partial parity bits used by the master appe,!!! at these outputs. The syndrome is 
latched (during read-modify-writes) 
by R/W going low. 


Partial 
Parity 
In/Position: 
In the master in a multi-8206 
system, these inputs 


accept partial parity bits 0 and 1 from the slaves. In a slave 8206 these inputs in- 
form 
it of its position 
within 
the system (1 to 4). Not used in a single 8206 


system. 


Partial Parity In/Number 
of Slaves: In the master in a multi-8206 system, these 


inputs accept partial parity bits 2 and 3 from the slaves. In a multi-8206 system 
these inputs are used in slave number 1to tell it the total number of slaves in the 
system (1 to 4). Not used in other slaves or in a single 8206 system. 


Partial 
Parity 
In/Correctable 
Error: In the master in a multi-8206 
system this 


pin accepts 
partial 
parity 
bit 4. In slave number 
1 only, or in a sing!.e 8206 


system, this pin outputs the correctable 
error flag. CE is latched by R/W going 


low. Not used in other slaves. 


Partial Parity In: In the master in a multi-8206 system these pins accept partial 
parity bits 5 to 7.'The number of partial parity bits equals the number of check 
bits. Not used in single 8206 systems or in slaves. 


Error: This pin outputs the error flag in '!l'ingle 
8206 system or in the master of 


a multi-8206 system. It is latched by R/W going low. Not used in slaves. 


Correct: 
When low this pin causes data correction 
during 
a read or read- 


modify-write 
cycle. 
When 
high, 
it causes error 
correction 
to be disabled, 


although 
error checking 
is still enabled. 


Strobe: STB is an input control 
used to strobe data at the DI inputs and check- 


bits at the CBI/SYI inputs. The signal is active high to admit the inputs. The 
signals are latched by the high-to-Iow 
transition 
of STB. 


inter 


Symbol 
Pin No. 
Type 
Name 
and Function 


BMo 
33 
I 
Byte Marks: When high, the Oata Out pins are enabled for a read cycle. When 


BM1 
32 
I 
low, th~ata 
Out buffers are tristated for a write cycle. BMo controls 000-7, 


while BM1 controls 008-15' 
In partial (byte) writes, the byte mark input is low 


• 
for the new byte to be written . 


RIW 
t 
21 
I 
ReadlWrite: 
When high this pin causes the 8206 to perform detection and 


correction (if CRCT is low). When low, it causes the 8206 to generate check bits. 
On the high-to-low 
transition 
the syndrome 
is latched internally 
for read- 


modify-write cycles. 


WZ 
34 
I 
Write Zero: When low this input overrides the BMo_1and RIW inputs to cause 
the 8206 to output all zeros at 000-15 
with the corresponding 
check bits at 


CBOO_7'Used for memory initialization. 


M/S 
4 
I 
Master/Slave: Input tells the 8206 whether it is a master (high) or a slave (low). 


SEOCU 
3 
I 
Single EDC Unit: Input tells the master whether it is operating as a single 8206 
(low) or as the master in a multi-8206 system (high). Not used in slaves. 


Vcc 
60 
I 
.Power Supply: +SV 


VSS 
26, 43 
I 
Ground 


The 
8206 
Error 
Detection 
and 
Correction 
Unit 


provides 
greater 
memory 
system 
reliability 
through 


its ability to detect and correct 
memory 
errors. 
It is a 


single 
chip 
device 
that 
can detect 
and 
correct 
all 


single 
bit errors 
and detect 
all double 
bit and some 


higher 
multiple 
bit errors. 
Some other 
odd multiple 


bit errors 
(e.g., 5 bits 
in error) 
are interpreted 
as 


single 
bit errors, 
and the CE flag 
is raised. 
While 


some even multiple 
bit errors (e.g., 4 bits in error) are 


interpreted 
as no error, most are detected 
as double 


bit errors. 
This error 
handling 
is a function 
of the 


number 
of check bits used by the 8206 (see Figure 2) 
and 
the 
specific 
Hamming 
code 
used. 
Errors 
in 


check 
bits 
are not 
distinguished 
from 
errors 
in a 


word. 


For more information 
on error correction 
codes, see 


Intel Application 
Notes AP-46 and AP-73. 


A single 8206 handles 8 or 16 bits of data, and up to 5 
8206's 
can 
be cascaded 
in order 
to 
handle 
data 


paths of 80 bits. For a single 
8206 8 bit system, 
the 


Dls-15, DO/WDls_15 and 
BM1 inputs 
are grounded. 
See the Multi-Chip 
systems section 
for information 


on 24-80 bit systems. 


The 8206 has a "flow 
through" 
architecture. 
It sup- 


ports two kinds of error 
correction 
architecture: 
1) 
Flow-through, 
or correct-always; 
and 2) Parallel, 
or 


check-only. 
There 
are two separate 
16-pin 
busses, 


DATA WORD BITS 
CHECK BITS 


8 
5 


16 
6 


24 
6 


32 
7 


40 
7 


48 
8 


56 
8 


64 
8 


72 
8 


80 
8 


one to accept 
data from the RAM (01) and the other 


to deliver 
corrected 
data 
to the 
system 
bus (00/ 


WDI). The logic 
is entirely 
combinatorial 
during 
a 


read cycle. This is in contrast 
to an architecture 
with 


only 
one 
bus, 
with 
bidirectional 
bus 
drivers 
that 


must first read the data and then be turned 
around to 


output 
the corrected 
data. The latter 
architecture 


typically 
requires 
additional 
hardware 
(latches 


and/or 
transceivers) 
and may be slower 
in a system 


due to timing 
skews 
of control 
signals. 


intJ 


With the RiW pin high, data is received from the RAM 
outputs 
into the DI pins where it is optionally 
latched 


by the STB signal. Check bits are generated from the 
data bits and compared 
to the check bits read from 


the RAM into the CBI pins. If an error is detected the 
ERROR flag is activated 
and the correctable 
error 


flag (CE) is used to inform 
the system whether 
the 


error 
was correctable 
or not. With the BM inputs 


high, the word appears corrected 
at the DO pins if 


the error was correctable, 
or unmodified 
if the error 


was uncorrectable. 


If more than one 8206 is being used, then the check 
bits are read by the master. The slaves generate 
a 


partial parity output 
(PPO) and pass it to the master. 


The master 
8206 then 
generates 
and 
returns 
the 


syndrome 
to the slaves (SYO) for correction 
of the 


data. 


The 8206 may alternatively 
be used in a "check- 
only" 
mode with the CRCT pin left high. With the 


correction 
facility 
turned 
off, the propagation 
delay 


from 
memory 
outputs 
to 8206 outputs 
is signifi- 
cantly 
shortened. 
In this mode the 8206 issues an 


ERROR flag tothe 
CPU, which can then perform one 


of several 
options: 
lengthen 
the current 
cycle for 


correction, 
restart 
the instruction, 
perform 
a diag- 


nostic 
routine, 
etc. 


A syndrome 
word, 
five to eight 
bits in length 
and 


containing 
all necessary information 
about the exis- 


tence and location 
of an error, is made available 
to 


the system at the SYOO-7 pins. Error logging 
may be 


accomplished 
by latching 
the syndrome 
and the 


memory 
address 
of the word in error. 


For a full write, in which an entire word is written 
to 


memory, 
the data 
is written 
directly 
to the RAM, 


bypassing 
the 8206. The same data enters the 8206 


through 
the WDI pins where check 
bits are gener- 


ated. The Byte Mark inputs 
must be low to tristate 


the DO drivers. The check bits, 5 to 8 in number, are 
then written 
to the RAM through 
the CBO pins for 


storage 
along 
with 
the data word. 
In a multi-chip 


system, the master writes the check bits using par- 
tial parity 
information 
from the slaves. 


In a partial write, part of the data word is overwritten, 
and part is retained in memory. This is accomplished 
by performing 
a read-modify-write 
cycle. The com- 
plete old word is read into the 8206 and corrected, 


with the syndrome 
internally 
latched 
by RIW going 


low. Only that part of the word not to be modified 
is 


output 
onto the DO pins, as controlled 
by the Byte 


Mark inputs. That portion 
of the word to be overwrit- 


ten is supplied 
by the system 
bus. The 8206 then 


calculates 
check 
bits for the new word, 
using 
the 


byte from the previous 
read and the new byte from 


the system bus, and writes them to the memory. 


Upon detection 
of an error the 8206 may be used to 


correct 
the bit in error in memory. This reduces the 


probability 
of 
getting 
multiple-bit 
errors 
in sub- 


sequent 
read cycles. This correction 
is handled 
by 


executing 
read-modify-write 
cycles. 


The read-modify-write 
cycle is controlled 
by the RIW 


input. 
After 
(during) 
the 
read 
cycle, 
the 
system 


dynamic 
RAM controller 
or CPU examines 
the 8206 


ERROR and CE outputs to determine 
if a correctable 


error occurred. 
If it did, the dynamic 
RAM controller 


or CPU forces RIW low, telling 
the 8206 to latch the 


generated 
syndrome 
and drive the corrected 
check 


bits onto 
the CBO outputs. 
The corrected 
data is 


available on the DO pins. The DRAM controller 
then 


writes the corrected 
data and corresponding 
check 


bits into memory. 


The 8206 
may be used 
to 
perform 
read-modify- 


writes in one or two RAM cycles. If it is done in two 
cycles, the 8206 latches 
are used to hold the data 


and check bits from the read cycle to be used in the 
following 
write 
cycle. 
The 
Intel 
8207 
Advanced 


Dynamic 
RAM controller 
allows 
read-modify-write 


cycles 
in 
one 
memory 
cycle. 
See the 
System 


Environment 
section. 


A memory system operating 
with ECC requires some 


form of initialization 
at system power-up 
in order to 


set valid data and check bit information 
in memory. 


The 8206 supports 
memory initialization 
by the write 


zero function. 
By activating 
the WZ pin, the 8206 will 


write 
a data 
pattern 
of zeros 
and the associated 


check bits in the current write cycle. By thus writing 
to all 
memory 
at power-up, 
a controller 
can set 


memory to valid data and check bits. Massive mem- 
ory failure, 
as signified 
by both data and check bits 


all ones or zeros, will be detected 
as an uncorrecta- 


ble error. 


inter 


A single 8206 handles 8 or 16 bits of data and 5 or 6 
check bits, respectively. Up to 5 8206's can be cas- 
caded for 80 bit memories with 8 check bits. 


When cascaded, one 8206 operates as a master, and 
all others as slaves. As an example, during a read 
cycle in a 32 bit system with one master and one 
slave, the slave calculates parity on its portion of the 
word-"partial 
parity"-and 
presents it to the mas- 
ter through the PPO pins. The master combines the 
partial parity from the slave with the parity it calcu- 
lated from its own portion of the word to generate 


the syndrome. The syndrome is then returned by the 
master to the slave for error correction. 
In systems 


with more than one slave the above description con- 
tinues to apply, except that the partial parity outputs 
of the slaves must be XOR'd externally. 
Figure 3 


shows the necessary external logic for multi-chip 
systems. Write and read-modify-write 
cycles are car- 


ried out analogously. See the System Operation sec- 
tion for multi-chip 
wiring diagrams. 


There are several pins used to define whether the 
8206 will operate as a master or a slave. Tables 2 and 
3 illustrate how these pins are tied. 
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Pin No. 
Pin Name 
Master 
Slave 1 
Slave 2 
Slave 3 
Slave 4 


4 
MIS 
+5V 
Gnd 
Gnd 
Gnd 
Gnd 


3 
SEDCU 
+5V 
+5V 
+5V 
+5V 
+5V 


13 
PPloIPOSo 
PPI 
Gnd 
+5V 
Gnd 
+5V 


14 
PPI,/POS, 
PPI 
Gnd 
Gnd 
+5V 
+5V 
15 
PPI2/NSLo 
PPI 
. 
+5V 
+5V 
+5V 
16 
PPI3/NSL, 
PPI 
. 
+5V 
+5V 
+5V 


Number of Slaves 


Pin 
1 
2 
3 
4 


PPI2/NSLo 
Gnd 
+5V 
Gnd 
+5V 


PPI3/NSL1 
Gnd 
Gnd 
+5V 
+5V 


The 
timing 
specifications 
for 
multi-chip 
systems 


must be calculated 
to take account 
of the external 


XOR gating in 3, 4, and 5-chip systems. Let tXOR be 
the delay for a single 
external 
TTL XOR gate. Then 


the following 
equations 
show 
how to calculate 
the 


relevant 
timing 
parameters 
for 2-chip 
(n=O), 3-chip 


(n=1), 
4-chip 
(n=2), 
and 5-chip 
(n=2) 
systems: 


Data-in to corrected 
data-out 
(read cycle) 
= 


TDVSV + TPVSV + TSVQV 
+ ntXOR 


Data-in to error flag (read cycle) 
= 


TDVSV + TPVEV + ntXOR 


Data-in to correctable 
error flag (read cycle) 
= 
TDVSV + TPVSV + TSVCV + ntXOR 


Write data to check-bits 
valid (full write cycle) 
= 
TQVQV + TPVSV + ntXOR 


Data-in to check-bits 
valid (read-mod-write 
cycle) = 


TDVSV + TPVSV 
+ TSVQV + TQVQV 
+ TPVSV + 
2ntXOR 


Data-in 
to check-bits 
valid 
(non-correcting 
read- 


modify-write 
cycle) 
= . 


TDVQU + TQVQV + TPVSV + ntXOR 


The 8206 uses a modified 
Hamming 
code which was 


optimized 
for multi-chip 
EDCU systems. The code is 


such that partial 
parity is computed 
by all 8206's in 


parallel. No 8206 requi res more ti me for propagation 
through 
logic levels than any other one, and hence 


no one device 
becomes 
a bottleneck 
in the parity 


operation. 
However, 
one or two 
levels 
of external 


TTL XOR gates is required 
in systems with three to 


five chips. The code appears 
in Table 4. The check 


bits are derived from the table by XORing 
or XNOR- 


ing together 
the bits indicated 
by 'X's in each row 


corresponding 
to a check bit. For example, 
check bit 


o in the MASTER for data word 
1000110101101011 


will 
be "0." 
It should 
be noted 
that 
the 8206 will 


detect 
the gross-error 
condition 
of all lows 
or all 


highs. 


Error correction 
is accomplished 
by identifying 
the 


bad bit and inverting 
it. Table 4 can also be used as 


an error syndrome 
table by replacing 
the 'X's with 
'1 'so Each column 
then 
represents 
a different 
syn- 


drome 
word, 
and 
by locating 
the 
column 
corre- 


sponding 
to a particular 
syndrome 
the bit to be cor- 


rected may be identified. 
If the syndrome 
cannot 
be 


located 
then 
the 
error 
cannot 
be corrected. 
For 


example, 
if the syndrome 
word 
is 00110111, the bit 


to be corrected 
is bit 5 in the slave one data word (bit 


21 ). 


The syndrome 
decoding 
is also summarized 
in Table 


5, which 
can be used for error logging. 
By finding 


the appropriate 
syndrome 
word 
(starting 
with 
bit 


zero, the least significant 
bit), the result is either: 
1) 


no error; 
2) an identified 
(correctable) 
single 
bit 


error; 
3) a double 
bit error; 
or 4) a multi-bit 
uncor- 


rectable 
error. 


Table 4. Modified Hamming Code Check Bit Generation 


Check 
bits are generated 
by XOR'ing 
(except 
for the CBO and CB1 data bits, which 
are XNOR'ed 
in the Master) 
the data 
bits in the rows corresponding 
to the check 
bits. Note there are 6 check 
bits in a 16-bit system, 
7 in a 32-bit system, 
and 
8 in 48-or-more-bit 
systems. 


BYTE NUMBER 
0 
1 
OPERATION 
2 
3 
4 
5 


BIT NUMBER 
0 
1 2 
3 
4 5 6 7 0 
1 
2 
3 4 5 6 7 
0 
1 
2 
3 
4 5 6 7 0 1 
2 
3 
4 5 6 7 0 
1 2 
3 
4 5 6 7 0 1 
2 
3 
4 5 6 7 


CBO = 
x 
x 
x 
- 
x 
x 
- 
x 
- 
x 
- 
x 
XNOR 
- 
x 
x 
x 
- 
x 
x 
- 
x 
x 
x 
- 
- 
x 
x 
- 
x 
- 
x 
x 
- 
x - - 
x 
- 
x 
- 
- 


CB1 = 
x - 
x 
x 
x 
x 
- 
x 
x - 
x 
XNOR 
x 
x 
x 
- 
x 
x 
x 
x - - - 
- 
x 
x - 
x - 
- 
x - 
x - 
x 
- 
x 
x 
- 
x 
CHECK 
CB2 = 
x 
x 
x 
- 
x 
x 
- 
- 
x 
x 
- 
- 
x 
XOR 
x 
x 
x - 
x 
x 
x 
- 
x 
x 
- - 
- - 
x 
x 
- 
x 
x 
x - 
- 
x 
- 
x - - 
x 
CB3 = 
x 
x 
x 
x 
x 
- 
x 
x 
x 
- 
- 
- 
XOR 
x 
x - - 
x - 
x 
x 
x 
x 
x - 
x 
x 
x 
x 
x 
- 
- 
- 
x 
x 
x 
- - 
- - - 
BITS 
CB4 = 
- 
x 
x 
x 
x 
x 
- 
x 
x 
x 
XOR 
x 
x - 
- 
x 
x 
x 
x - - 
- 
x 
- 
x 
- 
x 
x 
x 
x 
x - 
- 
- - 
x 
x 
x 
CBS = 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 
XOR 
- 
x 
x 
x 
x 
x 
- 
- 
- 
x 
x 
x 
x 
x ·x 
x 
x 
x 
x 
x 
- 
- 
- 
- 
- 
- 
CB6 = 
- 
- 
- 
- - 
XOR 
- 
- 
- 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x - 
- 
- 
- 
- - 
CB7 = 
- 
- 
- 
- 
XOR 
- 
- 
- 
- 
- 
- - 
- 
- - 
- 
- - 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 


DATA BITS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 2 
3 
4 
5 ,6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 


_____ 
s_LA_v_E_#_1 
11~ 
S_LA_V_E_#_2 
_ 


BYTE NUMBER 
6 
7 
8 
9 
OPERATION 
BIT NUMBER 
0 
1 
2 
3 
4 5 6 7 0 1 2 
3 4 5 6 7 0 1 
2 
3 4 5 6 7 0 1 
2 
3 4 5 6 7 


CBO = 
x 
- 
x 
x 
x - 
- 
x 
x 
x 
- 
x 
- 
x 
x 
x 
- 
x 
x 
- 
- 
x 
x 
- 
- 
x - - 
XOR 
CB1 = 
x 
x - 
- 
x 
x 
x 
x 
x 
- 
- 
x 
- - 
x 
x 
x 
x 
x 
x 
- 
x 
x 
- 
- 
- 
- 
XOR 
CHECK 
CB2 = 
x 
x 
x 
x 
x 
- 
- 
x 
x 
- 
x 
x 
- 
x 
- 
x 
x 
- 
x 
x - - 
x 
- 
x 
XOR 
CB3 = 
x 
x 
- 
- 
x 
x 
- 
x 
x - 
x 
x 
- 
x 
x 
x 
x 
- 
- 
x 
x 
x 
- - 
x 
- 
XOR 
BITS 
CB4 = 
x 
x 
x 
x 
x 
- 
- 
- 
x 
x 
x - 
x 
x 
- - 
x 
x 
x 
x 
x 
- 
x 
XOR 
CB5 = 
- 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 
x 
- 
x 
x 
x 
x 
x 
- - 
x 
- 
x 
XOR 
CB6 = 
x 
x 
x 
x 
x 
x 
x 
x 
- - 
x 
x 
- 
x 
x 
x 
x 
- 
- - 
x 
- 
x 
XOR 
CB7 = 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 
- - 
- 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 
XOR 


DATA BITS 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


_____ 
S_L_A_V_E_#_3 
1 
1 
S_LA_V_E_#_4 
~ 


0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
Syndrome 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
Bits 
2 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


7 
6 
5 
4 
3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


0 
0 
0 
0 
N 
CBO 
CB1 
D 
CB2 
D 
D 
18 
CB3 
D 
D 
0 
D 
1 
2 
D 


0 
0 
0 
1 
CB4 
D 
D 
5 
D 
6 
7 
D 
D 
3' 
16 
D 
4 
D 
D 
17 


0 
0 
1 
0 
CB5 
D 
D 
11 
D 
19 
12 
D 
D 
. 8 
9 
D 
10 
D 
D 
67 


0 
0 
1 
1 
D 
13 
14 
D 
15 
D 
D 
21 
20 
D 
D 
66 
D 
22 
23 
D 


0 
1 
0 
0 
CB6 
D 
D 
25 
D 
26 
49 
D 
D 
48 
24 
D 
27 
D 
D 
50 


0 
1 
0 
1 
D 
52 
55 
b 
' 51 
D 
. 
D 
70 
28 
D 
D 
' 65 
D 
53 
54 
D 


0 
1 
1 
0 
D 
29 
31 
D 
64 
D i 
D 
69 
68 
D 
D 
32 
D 
33 
34 
D 
0 
1 
1 
1 
30 
D 
D 
37' 
D 
38 
39 
D 
D 
35 
71 
D 
36' 
D 
D 
U 
1 
0 
0 
0 
CB7 
D 
D 
43 
D 
77 
44 
D 
D 
40 
41 
D 
~2 
D 
D 
U 
1 
0 
0 
1 
D 
45 
46 
D 
47 
D 
D 
74 
72 
D 
D 
U 
D 
73 
U 
D 
1 
0 
1 
0 
D 
59 
75 
D 
79 
D 
D 
58 
60 
D 
D 
58 
D 
U 
57 
D 
1 
0 
1 
1 
63 
D 
D 
62 
D 
U 
U 
D 
D 
U 
U 
D 
61 
D 
D 
U 
1 
1 
0 
'0 
D 
U 
U 
D 
U 
D 
D 
U 
76 
D 
D 
U 
D 
U 
U 
D 
1 
1 
0 
1 
78 
D 
D' 
U 
D 
U 
U 
D 
D 
U 
U 
D 
U 
D 
D 
U 
1 
1 
1 
0 
U 
D 
D 
U 
D 
U 
U 
D 
D 
U 
U 
D 
U, 
D 
D 
U 
1 
1 
1 
1 
D 
U 
U 
D 
U 
D 
D 
U 
U 
D 
D 
U 
D 
U 
U 
D 


N = No Error 
CBX = Error in Check Bit X 
X = Error in Data Bit X 
D = Double Bit Error 
U = Uncorrectable Multi-Bit Error 


! 


The 8206 interface tq a typical 32 bit memory system 
is illustrated 
in Figure 4. For larger 
systems. 
the 
partial 
parity 
bits from 
slaves two to four 
must be 


inter ' 


I. 
I· 
XOR'ed externally, which calls for one level of XOR 
gating for three 8206's aM two levels for four or five 
8206's,' 
, j" 
. 


and Figure 5 illustrates a highly integrated dual port 
RAM implementation 
using the 8206 and 8207. The 


8206/8207 combination 
permits such featlJres as au- 


tomatic scrubbing (correcting errors in memory dur- 
ing relresh), extending 
RAS and CAS timings 
for 


Read-Modify-Writes 
in single 
memory cycles, and 


automatic 
memory 
initialization 
upon 
reset. To- 


gether .these two chips provide a complete 
dual- 


port, .error-corrected 
dynamic RAM subsystem. 


The 8206 is'designed 
for direct connection 
to the 


Intel 8207-Advanced Dynamic RAM Controller, 
due 


to be sampled in the first quarter of 1982, The 8207 
has the ability to perform dual port memory control, 


l 
• 
. 
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RAM 
CMD/PEA 
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7 CHECK 
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CMO/PEBI 
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ERROR 
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01 
AOOR 
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STB 
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The 8206 lends itself to straightforward 
memory 


board testing with a minimum of hardware over- 
head.The following is a description of four common 
test modes and their implementation. 


Mode O-Read and write with error correction. 


Implementation: This mode is the normal 
8206 operating mode. 


Mode 1-Read 
and write data with error correction 
disabled to allow test of data memory. 
Implementation: This mode is performed 
with CRCT deactivated. 


Mode 2-Read 
and write check bits with error cor- 


rection disabled to allow test of check bits 
memory. 
Implementation: Any pattern may bewrit- 
ten into the check bits memory by judi- 
ciously choosing the proper data word to 
generate the desired check bits, through 
the use of the 8206 Hamming code. To 
read out the check bits it is first necessary 


to fill the data memory with all zeros, 
which may be done by activating WZ and 
incrementing memory addresses with WE 
to the check bits memory held inactive, 
and then performing ordinary reads. The 
check bits will then appear directly at the 
SYO 
outputs, 
with bits CBO and CB1 


inverted. 


Mode 3-Write 
data, without 
altering or writing 


check bits, to allow the storage of bit 
combinations to cause error correction 
and detection. 
Implementation: 
This 
mode 
is 
im- 


plemented by writing the desired word to 
memory with WE to the check bits array 
held inactive. 


The 8206 is packaged in a 68-pin, leadless JEDEC 
type A hermetic chip carrier. Figure 6 illustrates the 
package, and Figure 7 is the pinout. 
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Ambient Temperature 
Under Bias 
O°Cto 70°C 


Storage Temperature 
-65°C to +150°C 


Voltage On Any Pin 
With Respect to Ground 
-0.5V 
to + 7V 
Power Dissipation 
2.5 Watts 


'NOTE: 
Stresses above those listed 
under 
"Absolute 


Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
opera- 


tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute maximum 


rating conditions for extended periods may affect device 
reliability. 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


Ice 
Power Supply Current 
-Single 
8206 or 
230 
mA 
Slave #1 
-Master 
in Multi-Chip 
190 
mA 
or Slaves #2, 3, 4 


VIL 


1 
Input Low Voltage 
-0.5 
0.8 
V 


V1H 
1 
Input High Voltage 
2.0 
VCC+ 
V 
0.5V 


Output Low Voltage 


VOL 
-DO 
0.4 
V 
IOL = 8mA 


-All 
Others 
0.4 
V 
IOL = 2.0mA 


Output High Voltage 


VOH 
-DO, 
CBO 
2.6 
V 
IOH = -2mA 


-All 
Other Outputs 
2.4 
V 
IOH = -O.4mA 


IOL 
Output Leakage Current 
±10 
p..A 
0.45V '" VOUT '" Vee 


Input Leakage Curr~ 
III 
-WDI, 
PPI, CB16-7, 
SEDCU 
20 
p..A 
OV",VIN",Vee 
-All 
Other Inputs 
10 
p..A 


NOTES: 
1. SEDeU(pin 3)and MIS (pin 4)aredevicestrapping options andshould betied to Vcc orGND.V1H min = Vcc -O.5Vand V1L max= O.5V. 
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A.C. CHARACTERISTICS 
(TA = O°Cto 70°C. VCC = +5V ± 10%. VSS = OV.Cl = 100pF; all times are in nsec.) 


Measurements 
made with respect to STB. R/W. BMO_1are at 1.5V. All other pins are measured at 2.4V and 0.8V. All 


times are in nsec. 


8206 
8206-8 
Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 


TRHEV 
i:l=fR()R Valid from R/Wj 
25 
34 


TRHCV 
CE Valid from R/Wj (Single 8206) 
44 
59 


TRHQV 
Corrected 
Data Valid from R/W j 
49 
66 


TRVSV 
SYO/CBO/PPO Valid From R/W 
42 
56 


TOVEV 
ERROR Valid from Data/Check Bits In 
52 
70 


TOVCV 
CE Valid from Data/Check Bits In 
70 
94 


TOVQV 
Corrected 
Data Valid from Data/Check Bits In 
67 
90 


TOVSV 
SYO/PPO Valid from Data/Check 
Bits In 
55 
74 


TBHQV 
Corrected 
Data Access Time 
32 
43 


TDXQX 
Hold Time from Data/Check Bits In 
0 
0 


TBLQZ 
Corrected 
Data Float Delay 
5 
28 
5 
38 


TSHIV 
STB High to Data Valid 
, 
30 
40 


TIVSL 
Data/Check Bits In to STB~ Set-up 
0 
0 


TSLIX 
Data/Check Bits In from STB~ Hold 
20 
30 


TPVEV 
ERROR Valid from Partial Parity In 
30 
40 


TPVQV 
Corrected 
Data (Master) from Partial Parity In 
56 
76 


TPVSV 
Syndrome/Check 
Bits Out from Partial Parity In 
38 
51 


TSVQV 
Corrected 
Data (Slave) Valid from Syndrome 
51 
69 


TSVCV 
CE Valid from Syndrome (Slave number 1) 
48 
65 


TQVQV 
Check Bits/Partial 
Parity Out from Write Data In 
59 
80 


TRHSX 
Check Bits/Partial 
Parity Out from R/W. WZ Hold 
0 
0 


TRLSX 
Syndrome Out from R/W Hold 
0 
0 


TQXQX 
Hold Time from Write Data In 
0 
0 
TQVRl 
Syndrome Out to R/W~ Set-up 
17 
22 


TOVRL 
Data/Check Bits In to R/W Set-up 
34 
46 


TOVQU 
Uncorrected 
Data Out from Data In 
32 
43 
nvov 
Corrected 
Data Out from CORRECT ~ 
30 
40 


TWLQL 
WZ~ to Zero Out 
30 
40 


TWHOX 
Zero Out from WZj Hold 
0 
0 


inter 


t--l-- 
TIVsL----_·I~SLI~ 
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8271/8271·6 
PROGRAMMABLE 
FLOPPY DISK CONTROLLER 


• IBM 3740 Soft Sectored Format Compatible 
• Internal CRC Generation 
and Checking 
• Programmable 
Record Lengths 
• Programmable 
Step Rate, Settle·Time, 
Head 


Load Time, Head Unload Index Count 
• Multi·Sector 
Capability 


Maintain 
Dual Drives with Minimum 
Software 
• Fully MCS·80™ and MCS·8S™ Compatible 
• Overhead Expandable to 4 Drives 
Single + SV Supply 
• 
• Automatic 
ReadlWrite Head Positioning 
and 
Verification 
• 40·Pin Package 


The Intelll>8271 Programmable Floppy Disk Controller (FDC) is an LSI component designed to interface one to 4 floppy 
disk drives to an 8-bit microcomputer 
system. Its powerful control functions 
minimize both hardware and software 


overhead normally associated with floppy disk controllers. 
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Pin 


Symbol 
No. 
Type 
Name and Function 


Vcc 
40 
+SV Supply. 


GND 
20 
Ground. 


Clock 
3 
I 
Clock: 
A square wave clock. 


Reset 
4 
I 
Reset: 
A high signal on the 
reset input forces the 8271 to 
an idle state. The 8271 
re- 


mains idle until a command is 
issued by the CPU. The out- 
put signals of the drive inter- 
face 
are 
forced 
inactive 
(LOW). Reset must be active 
for 10 or more clock cycles. 


CS 
24 
I 
Chip Select: 
The I/O Read 
and 
I/O Write 
inputs 
are 


enabled 
by the chip select 


signal. 


DB7-DBo 
19-12 
I/O 
Data Bus: The Data Bus lines 
are bidirectional, 
three-state 


lines 
(8080 
data bus com- 
patible). 


WR 
10 
I 
Write: 
The Write 
signal 
is 
used to signal 
the control 


logic that a transfer of data 
from the data bus to the 8271 
is required. 


RD 
9 
I 
Read: 
The 
Read signal 
is 
used to signal 
the control 


logic that a transfer of data 
from the 8271 to the data bus 
is required. 


INT 
11 
0 
Interrupt: 
The interrupt 
sig- 
nal indicates 
that the /8271 
requires service. 


A,-Ao 
22-21 
I 
Address 
Line: 
These 
two 
lines are CPU Interface Reg- 
ister select lines. 


DRO 
8 
0 
Data 
Request: 
The 
DMA 


request signal is used to re- 
quest a transfer of data be- 
tween the 8271 and memory. 


DACK 
7 
I 
Data 
Acknowledge: 
The 
DMA 
acknowledge 
signal 


notifies the 8271 that a DMA 
cycle has been granted. For 
non-DMA transfers, this sig- 
nal should 
be driven in the 


manner of a "Chip Select." 


Select 1- 
6 
0 
Selected 
Drive: These lines 
Select 0 
2 
are 
used 
to 
specify 
the 
selected 
drive. These lines 


are set by the command byte. 


Pin 
Symbol 
No. 
Type 
Name and Function 


Fault Reset/ 
1 
0 
Fault 
Reset: 
The optional 


OPO 
fault reset output line is used 
to reset an error 
condition 
which is latched by the drive. 
If this line is not used for a 
fau It reset it can be used as 
an optional output line. This 
line is set with the write spe- 
cial register command. 


Write Enable 
35 
0 
Write 
Enable: 
This 
signal 


enables the drive write logic. 


Seek/Step 
36 
0 
Seek/Step: 
This 
multi- 


function 
line is used during 


drive seeks. 


Direction 
37 
0 
Direction: 
The direction line 
specifies the seek direction. 
A high level on this pin steps 
the 
R/W head 
toward 
the 
- 
spindle (step-in), a low level 
steps the head away from the 
spindle (step-out). 


Load Head 
38 
0 
Load Head: The load head 
line causes the drive to load 
the Read/Write head against 
the diskette. 


Low Current 
39 
0 
Low 
Current: 
This 
line 


notifies the drive that track 43 
or greater is selected. 


Ready 1, 
5 
I 
Ready 1: These two lines in- 


Ready 0 
32 
dicate that the specified drive 
is ready. 


Fault 
28 
I 
Fault: 
This line is used by the 


drive to specify a file unsafe 
condition. 


Count/OPI 
30 
I 
Count/OPI: 
If the optional 


seek/direction/count 
seek 


mode is selected. the count 
pin receives pulses to step 
the R/W head to the desired 
track. Otherwise,this 
line can 


be used as an optional input. 


Write Protect 
33 
I 
Write 
Protect: 
This 
signal 
specifies that the diskette in- 
serted is write protected. 


TRKO 
31 
I 
Track Zero: 
This signal indi- 


cates when the R/W head is 
positioned over track zero. 


-- 
I 
Index: The index signal gives 
Index 
34 
an indication 
of the relative 


position of the diskette. 
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Pin 
Symbol 
No. 
Type 
Name and Function 


PLO/SS 
25 
I 
Phase-Locked Oscillatorl 
SingleShot: Thispin is used 
to specify the type of data 
separatorused. 


Write Data 
29 
0 
WriteData: Compositewrite 
data. 


Unseparated 
27 
I 
Unseparated 
Data: 
This 
Data 
input isthe unseparateddata 
and clocks. 


DataWindow 
26 
I 
DataWindow: This is a data 
window established by a 
single-shot or phase-locked 
oscillator data separator. 


INSYNC 
23 
0 
Input Synchronization: This 
line is highwhen8271hasat- 
tained input data synchroni- 
zation,bydetecting2by1esof 
zeros followed 
by an ex- 
pectedAddressMark. It will 
stayhigh until the endof the 


10 or datafield. 


General 


The 8271 Floppy Disk Controller (FDC) interfaces either 
two 
single 
or one dual floppy 
drive to an eight 
bit 


microprocessor 
and 
is fully 
compatible 
with 
Intel's 


new high performance MCS-85 microcomputer 
system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 


The 8271 FDC supports a comprehensive soft sectored 
format 
which 
is IBM 
3740 compatible 
and includes 


provision for the designating and handling of bad tracks. It 
is a high level controller that relieves the CPU (and used of 
many of the control tasks associated with implementing a 
floppy disk interface. The FDC supports a variety of high 
level instructions which allow the userto store and retrieve 
data on a floppy disk without dealing with the low level 
details of disk operation. 


In addition to the standard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc.l, may 
use the scan command to reduce the CPU overhead. Once 
the scan operation 
is initiated, no CPU intervention 
is 
required. 


CPU Interface 
Description 


This interface minimizes CPU involvement by supporting 
a set of high level commands and both DMA and non-DMA 
type data transfers and by providing hierarchical status 
information regarding the result of command execution. 


The CPU utilizes the control 
interface (see the Block 


diagram) to specify the FDC commands and to determine 
the result of an executed command. This interface is 
supported by five Registers which are addressed by the 
CPU via the A" Ao, RD and WR signals. 
If an 8080 based 


system is used, the RD and WR signals can be driven by 
the 8228's liaR 
and I/OW signals. The registers are 


defined as follows: 


Command 
Register 


The 
CPU 
loads 
an 
appropriate 
command 
into 
the 


Command Register which has the following format: 


A, 
AO 0] 
06 
05 
04 
0) 
02 
0, 
Do 


I 0 I 0 ! 


I~COMMANOOPCOOE 


L----------SURFACEIDRIVE 


(SELECT 
0, 11 


Parameter Register 


Accepts 
parameters of commands that require further 


description; 
up to five parameters 
may be required, 


example: 


A, 
AO 
07 
06 
Os 
D. 
03 
02 
D1 
00 


I 0 I ' 


Result Register 


The Result Register is used to supply the outcome of FDC 
command execution (such as a good/bad completion) to 
the CPU. The standard Result byte format is: 


Itt L~,".m<. 
COMPLETION 
CODE 


COMPLETION 
TYPE 


DELETED DATA FOUND 


REGISTERS 


CQMMANO 
REG. 


RESULT 
REO. 
PARAMETER 
REG. 


SELECT 
0 
SELECT 
1 
WR ENABLE 


LOAO 
HEAO 
seEK/srep 
DIRECTION 
LOW CURRENT 
FAULT 
REser/ 


00>0 


Figure 3. 8271 Block Diagram Showing CPU 
Interface Functions 


StatuI Register 


Reflects the state of the FDC. 


Al 
All. 01 -06 
Os 
04 
0) 
02 
0, 
Do 
I 0 I 0 I I 
I 0 I 0 I 


IIII 
,. NON·OMA OATA REOUEST 


,- 
INTERRUPT 
REQUEST 


, 
- 
RESULT 
REGISTER 
FULL 


1" 
PARAMETER 
REGISTER 
FULL 
L 
l - 
COMMAND 
REGISTER 
FULL 


1 • COMMAND 
BUSY 


Reset Register 


Allows the 8271 to be reset by the program. Reset must 
be active for 11 or more chip clocks. 


INT (Interrupt Line) 


Another element of the control interface is the Interrupt 
line (INT). This line is used to signal the CPU that an FDC 
operation has been completed. It remains active until the 
result register is read. 


DMA Operation 


The 8271 can transfer data in either DMA or non DMA 
mode. The data transfer rate of a floppy disk drive is high 
enough (one byte every 32 usee) to justify DMA transfer. 
In DMA mode the elements of the DMA interface are: 


DRa: DMA Requesl: 
The DMA request signal is used to request a transfer of 
data between the 8271 and memory. 


DACK: OMA Acknowledge: 
' 


The OMA acknowledge signal notifies the 8271that a OMA 
cycle has been granted. 


RD, WR: Read, Write 
The 
read and write 
signals 
are used to specify 
the 


direction of the data transfer. 


OMA transfers require the use of a DMA controller such as 
the Intel®8257.The function of the DMA controller is to 
provide sequential addresses and timing for the transfer 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the FDC. 


To request a OMA transfer. the FDC raises ORO. DACK 
and RD enable OMA data onto the bus (independently of 
CHIP SELECTI. DACK and WR transfer DMA data to the 
FOC. If a data transfer 
request (read or write) is not 


serviced within 31 Ilsec. the command is cancelled, a late 
OMA status is set, and an interrupt is generated. In OMA 
mode. an interrupt is generated at the completion of the 
data block transfer. 


When configured to transfer data in non-OMA mode, the 
CPU must pass data to the FOC in response to the non- 
OMA data requests indicated 
by the status word. The 


data is passed to and from the chip by asserting 
the 


OACK and the RD or WR signals. Chip select should be 
inactive (HIGH). 


Figure 4. 8271 Block Diagram Showing Disk Interface 


Functions 


inter 


Disk Drive Interface 
The 8271 disk drive interface supports the high level 
command structure described in the Command Descrip- 
tion section. The 8271 maintains the location of badtracks 
and the current track location for two drives. However, 
with minor software support, this interface can support 
four drives by expanding the two drive select lines (select 
O. select 1) with the addition of minimal support hardware. 


The FDC Disk Drive Interface has the following 
major 


functions. 


READ FUNCTIONS 


Utilize the user supplied data window to obtain the clock 
and data patterns from the unseparated read data. 


Establish byte synchronization. 


Compute and verify the 10 and data field CRCs. 


WRITE FUNCTIONS 
Encode composite :.vr·itedata. 


Compute the 10 and data field CRCs and append them to 
their respective fields. 


CONTROL FUNCTIONS 
Generate the programmed step rate. head load time. head 
settling 
time. 
head unload delay, and monitor 
drive 


functions. 


DUAL 


FLOPPY 


DISK 
DAIVE 


Data Separation 


The 8271 needs only a data window to separate the data 
from the composite read data as well as to detect missing 
clocks in the Address Marks. 


The window generation logic may be implemented using 
either asingle-shot separator or a phase-locked oscillator. 


Single-Shot Separator 


The single-shot separator approach is the lowest cost 
solution. 


The FDC samples the value of DataWindow on the leading 
edge of Unseparated Data and determines whether the 
delay from the previous pulse was a half or full bit-cell 
(high input = fl.\11bit-cell. low input = half bit-ceill. 
PLO/SS should be·tied to Ground. 


'nsync Pin 


This pin .gives an indication 
of whether the 8271 
is 


synchronized with the serial data stream during read 
operations. This pin can be used with a phase-locked 
oscillator for soft and hard locking. 


FOUND SYNC & 10 MARK 
READ 10 FielD 
BUT 
TRACK 
OR SECTOR 
INCORRECT 


\ 


FOUND SYNC & ID MARK 
10 FIelD 
CORRECT 
/ 


/ 


FOUND SYNC & DATA MARK 
NOT 
AN ID MARK 
I 


FOUND 
SYNC & DATA MARK 


READ DATA SECTOR 


RETRIGGERABlE 
SINGlE·SHOT 
2.851'5 WINDOW' 


Phase-Locked Oscillator Separator 


The FDC samples the value of DataWindow on the leading 
edge of Unseparated Data and determines whether the 
pulse represents a Clock or Data Pulse. 


PlO/SS should be tied to Vcc I+SVl. 


Insync may be used to provide soft and hard locking 
control for the phase-locked oscillator. 


UNS"ARAT'D~ 
PLO 
IDATAW'NDDW 
0 


82n 
FDC 
: 
r= :! "O/SS 


DATA 


L~ ____________________ 
J 


IN SYNC' 
+5V 
'OPTIONAL 


inter 


Dllk Drive Control Interface 


The disk drive control interface performs the high level 
and 
programmable 
flexible 
disk 
drive 
operations. 
It 


custom tailors many varied drive performance parameters 
such as the step rate, settling time, head load time, and 
head unload index count. The following is the description 
of the control interface. 


Write Enable 


The Write Enable controls the read and write functions of a 
flexible disk drive. When Write Enable is a logical one, it 
enables the drive write electronics to passcurrent through 
the Read/Write head. When Write Enable is a logical zero, 
thl1 drive Write circuitry 
is disabled and. the Read/Write 


head detects the magnetic flux transitions recorded on a 
diskette. The write current turn-on is as follows. 


, 


WRITEDAT~ 
1UL- 


----J 
I-tWE 
I-tWE-i 


WRITE 
ENABLE 
I 
l 
_ 


inter 


Seek Control 


Seek Control 
is accomplished 
by Seek/Step, Direction, 


and Count pins and can be implemented two ways to 
provide maximum flexibility in the sUbsystem design. One 
instance is when the programmed step rate is not equal to 
zero. In this case, the 8271 uses the Seek/Step and 
Direction 
pins (the Seek/Step pin becomes a Step pin). 
Programmable Step timing parameters are shown. 


Another instance is when the programmable step rate is 
equal to zero, in which case the 8271 holds the seek line 
high until the appropriate number of user-supplied step 
pulses have been counted on the count input pin. 


The Direction pin is a control level indicating the direction 
in which the R/W head is stepped. A logic high level on this 
line moves the head toward the spindle (step-inl. A logic 
low level moves the head away from the spindle (step-outl. 


STANDARD: 
lms';ts';255ms 


MINI-FLOPPY: 
2ms.; ts'; 510ms 


",R'CT~ 
__ 
~~-to-s---------"""--l--E 
1- 


---l 
Ltcs 


SEEK/STEP 
I 
_---I 
---J 
-------IfL-- 


LAST COUNT 


tos=tso=tes=1O/Js 


tsc;;>1/Js 


tpc" 20/Js 
tc ;;>lms 


inter 


Head Seek Settling Time 


The 8271 allows the head settling time to be programmed 
from 0 to 255ms, in increments of 1ms. 


The head settling time is defined as the interval of time 
from completion of the last step to the time when reading 
or writing on the diskette is possible (R/W Enable). The 
R/W head is assumed loaded. 


__, 
r-l 
~LASTSTEPCOMPLETE 


*tsw=:j r- 
___ 
r---- 


Load Head 


When active, load head output pin causes the drive's 
read/write head to be loaded on the diskette. When the 
head is initially loaded, there is a programmed delay (0to 
60ms in 4ms increments) prior to any read or write 
operation. Provision is also made to unload the head 
following an operation within a programmed number of 
diskette revolutions. 


tLw-1 
r- 


___ 
I 


STANDARD: 
0<; tLW <;60ms 


MINI:FLOPPY: 
0 <; tLW <; 120ms 


The Index input is used to determine "Sector not found" 
status and to initiate format track/read 10commands and 
head unload Index and Count operations. 


Treck 0 


This input pin indicates that the diskette is at track O. 
During 
any seek operation, 
the stepping 
out of the 


actuator ceases when the track 0 pin becomes active. 


Select 1, 0 


Only 
one 
drive 
may 
be 
selected 
at 
a time. 
The 
Input/Output 
pins that must be externally qualified with 


Select 0 and Select 1 are: 


Unseparated Data 
Data Window 
Write Enable 
Seek/Step 
Count/Optional 
Input 


Load Head 
Track 0 
Low Current 
Write Protect 
Write Fault 
Fault Reset/Optional Output 
Index 


When a new set of select bits is specified by a new com- 
mand or the FDC finishes the index count before head 
unload, the following 
pins will be set to the 0 state: 


Write Enable (35) 
Seek/Step (36) 
Direction (37) 
Load Head (38) 
Low Head Current (39) 


The select pins will be set to the state specified by the 
command or both are set to zero following 
the index 
count before head unload. 


low Current 
This output 
pin is active whenever the physical track 


location of the selected drive is greater than 43. Generally 


this signal is used to enable compensation for the lower 
velocities 
encountered 
while 
recording 
on the 
inner 


tracks. 


Write Protect 


The 8271 will not write to a disk when this input pin is 
active and will interrupt the CPU if aWrite attempt is made. 
Operations which check Write Protect are aborted if the 
Write Protect line is active. 


This signal 
normally 
originates 
from a sensor which 


detects the presence or absence of the Write Protect 
hole in the diskette jacket. 


Write Fault and Write Fault Reset 


The Write Fault input is normally latched by the drive 
and indicates any condition which could endanger data 
integrity. 
The 8271 interrupts 
the CPU anytime Write 


Fault is detected during an operation and immediately 
resets the Write Enable, Seek/Step, Direction, and Low 
Current signals. The write fault condition can be cleared 
by using the write fault reset pin. If the drive being used 
does not support write fault, then this pin should be 
connected to Vcc through a pull-up resistor. 


Ready 1, 0 


These two pins indicate the functional status of the disk 
drives. Whenever an operation is attempted on a drive 
which is not ready, an interrupt is generated. The inter- 
face continually monitors this input during an operation 
and if a Not Ready condition 
occurs, immediately 
ter- 


minates the operation. Note that the 8271 latches the 
Not Ready condition and it can only be reset by the exe- 
cution of a Read Drive Status command. For drives that 
do not support a ready signal, either one can be derived 
with a one shot and the index pulse, or the ready inputs 
can be grounded and Ready determined through some 
software means. 


inter 


As an 8080 peripheral device, the 8271 accepts commands 
from the CPU, executes them and provides a RESULT 
back to the 8080 CPU at the end of command execution. 
The communication 
with the CPU is established by the 
activation of CS and RD or WR. The A1, Ao inputs select 
the appropriate registers on the chip: 


DACK 
CS 
A1 
Ao 
RD 
WR 
Operation 


1 
0 
0 
0 
0 
1 
Read Status 


1 
0 
0 
0 
1 
0 
Write Command 
1 
0 
0 
1 
0 
1 
Read Result 


1 
0 
0 
1 
1 
0 
Write Parameter 


1 
0 
1 
0 
1 
0 
Write Reset Reg. 


0 
1 
X 
X 
1 
0 
Write Data 
0 
1 
X 
X 
0 
1 
Read Data 
0 
0 
X 
X 
X 
X 
Not Allowed 


The 
FDC 
operation 
is 
composed 
of 
the 
following 
sequence of events. 


THE 8271 SIGNALS 
THE CPtJ THAT 
THE EXECUTION 
HAS 
FINISHED. 
THE CPU MUST PERFORM 
A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS 
TO DETERMINE 
THE OUTCOME 
OF THE OPERATION. 


Figure 16. Passing the Command and Parameters 
to the 8271 


The software writes a command to the command register. 
As a function of the command issued, from zero to five 
parameters are written to the parameter register. Refer to 
diagram showing a flow chart of the command phase. 
Note that the flow chart shows that a command may not be 
issued if the FDC status register indicates that the device 
is busy. Issuing a command while another command is in 
progress is illegal. The flow chart also shows a parameter 
buffer full check. The FDC status indicates the state of the 
parameter 
buffer. 
If a parameter 
is issued while the 


parameter buffer is full, the previous parameter is over 
written and lost. 


NOTE: 


STANDAAD 
RESULT 
RETURNED 
CAN 
BE 


DETERMINED 
BY 
MASKING 
OUT 
THE 


DRIVE 
SELECT 
BITS 
OF 
THE 
COMMAND 


BYTE 
(BITS 
7 
AND 
6) 
AND 
CHECKING 


FOR 
A VALUE 
OF 
LESS 
THAN 
2C16 
(IF 
lESS 
THAN 
2CHI, 
STANDARD 
RESULT 
IS RETURNED). 


IMMEDIATE 
RESULT 
RETURNED 
CAN 


BE 
DETERMINED 
BY 
ADDITIONALLY 


MASKING 
OUT 
BITS 
5 AND 
4 OF 
THE 


COMMAND 
BYTE 
AND 
CHECKING 
FOR 


A VALUE 
OF 
C,8 
OR 
GREATER 
(IF 
C16 
OR 
GREATER, 
IMMEDIATE 
RESULT 
RETURNED). 


Figure 17. Checking for Result Type Following 8271 


Command and Parameters 


The Execution 
Phase 


During 
the 
execution 
phase the operation 
specified 


during 
the command 
phase is performed. 
During this 


phase, there is no CPU involvement if the system utilizes 
DMA for the data transfers. The execution phase of each 
command 
is discussed within 
the detailed 
command 


descriptions. The following table summarizes many of the 
basic execution phase characteristics. 


inter 


The following 
table summarizes the various commands 


with corresponding 
execution phase characteristics. 


H 
. 1 
2 
3 
4 
5 
6 
7 
8 


Deleted 
Write/ 
Seek 
Completion 


,COMMANDS 
Data 
Head 
Ready 
Protect 
Seek 
Check 
Result 
Interrupt 


SCAN DATA 
SKIP 
LOAD 
j 
x 
YES 
YES 
YES 
YES 


SCAN DATA AND 
,XFER 
LOAD 
j 
x 
YES 
YES 
YES 
YES 
DEL DATA 
WRITE DATA 
x 
LOAD 
j 
j 
YES 
YES 
YES 
YES 


WRITE DEL DATA 
x 
LOAD 
j 
j 
YES 
YES 
YES 
YES 


READ DATA 
SKIP 
LOAD 
j 
x 
YES 
YES 
YES 
YES 


READ DATA AND 
XFER 
LOAD 
j 
x 
YES 
YES 
YES 
YES 


DEL DATA 


READID 
x 
LOAD 
j 
x 
YES 
NO 
YES 
YES 


VERIFY DATA AND 
XFER 
LOAD 
j 
x 
YES 
YES 
YES 
YES 
DEL DATA 
FORMAT TRACK 
x 
LOAD 
j 
j 
YES 
NO 
YES 
YES 


SEEK 
x 
LOAD 
Y 
x 
YES 
NO 
YES 
YES 


READ DRIVE STATUS 
x 
- 
x 
x 
NO 
NO 
NOTE 5 
No 
SPECIFY 
x 
- 
x 
x 
NO 
NO 
NO 
NO 
RESET 
x 
UNLOAD 
x 
x 
NO 
NO 
NO 
NO 
R SP REGISTERS 
x 
- 
x 
x 
NO 
NO 
NOTE 6 
NO 
W SP REGISTERS 
x 
- 
x 
x 
NO 
NO 
NO 
NO 


Note: 1. "x" ~ 
DONT CARE 
2. ''/'' 
~ 
check 
3. "-" 
~ 
No change 
4. "y" - 
Check at end of operation 
5. See "READ 
DRIVE STATUS" 
command. 


6. See "READ 
SPECIAL 
REGISTER" 
command. 


Explanation of the execution phase characteristics table. 


1. Deleted Data Processing 


If deleted data is encountered duringan operation that 
is marked skip in the table, the deleted data record is 
not transferred into memory, but the record is counted. 
For example, if the command and parameters specify a 
read of five records and one of the records was written 
with a deleted data mark, four records are transferred 
to memory. The deleted data flag is set in the result 
byte. However, if the operation is marked transfer, all 
data is transferred to memory regardless of the type of 
data mark. 


2. Head 


The Head column in the table specifies whether the 
Read/Write 
head will be loaded or not. If the table 


specifies load, the head is loaded after it is positioned 
dver the track. The head loaded by a command remains 
loaded until the user specified number of index pulses 
have occurred. 


3. Ready 


The Ready column indicates 
if the ready line (Ready 


1, Ready 0) associated 
with 
the selected 
drive is 


checked. A not reapy state is latched by the 8271 un- 
til the user executes a read status command. 


4. Write Protect 


The operations that are marked check Write Protect are 
immediately aborted if Write Protect line is active at the 
beginning of an operation. 


5. Seek 


Many of the 8271 commands 
cause a seek to the 


desired track. A current track register is maintained for 
each drive or surf.a·ce. 
. 


6. Seek Check 


Operations 
that 
perform 
Seek 
Check 
verify 
that 


selected data in the 10 field is correct before the 8271 
accesses the data field. 


inter 


CPUINTERRUPT 


START 
I 


POLLEDINTERRUPT 


START) 
I 


The Result Phase 


During the Result Phase,the FDC notifies the CPU of the 
outcome of the command execution. This phase may be 
initiated by: 


1. The successful completion of an operation. 
2. An error detected during an operation. 


A1 
Ao 
CS RD 
CS 
WR 


0 
0 
Status Reg 
Command Reg 


0 
1 
Result Reg 
Parameter Reg 


1 
0 
- 
Reset Reg 


1 
1 
- 
- 


07 
06 
Os 
04 
03 
02 
0, 
Do 
~OIOI 
COMMAND 
BUSY 
NON·OMA 
MODe 


COMMAND 
REG FULL 
INTERRUPT 
REO 


PARAMETER 
REG 
FULL 
RESULT 
REG 
FUll 


Bit 7: Command Busy 


The command busy bit is set on writing to the command 
register. 
Whenever 
the 
FDC 
is 
busy 
processing 
a 


command, the command busy bit is set to aone. This bit is 
set to zero after the command is completed. 


Bit 6: Command FuJI 


The command full bit is set on writing to the command 
buffer and cleared when the FDC begins processing the 
command. 
Bit 5: Parameter FuJI 


This bit indicates the state of the parameter buffer. This bit 
is set when a parameter is written to the FDC and reset 
after the FDC has accepted the parameter. 


Bit 4: Result FuJI 


This bit indicates the state of the result buffer. It is valid 
only after Command Busy bit is low. This bit is set when 
the FDC finishes a command and is reset after the result 
byte is read by the CPU. The data in the result buffer is 
valid only after the FDC has completed a command. 
Reading the result buffer while a command is in progress 
yields no useful information.' 


Bit 3: Interrupt Request 


This bit reflects the state of the FDC INT pin. It is set 
when FDC requests attention as a result of the comple- 
tion of an operation or failure to complete an intended 
operation. 
This 
bit 
is cleared by reading the result 


register. 


Bit 2: Non-DMA Data Request 


When the FDCis utilized without a DMA controller, this bit 
is used to indicate FDC data requests. Note that in the 
non-DMA 
mode, an interrupt 
is generated (interrupt 


request bit is set) with each data byte written to or read 
from the diskette. 


Bits 1 and 0: 


Not used (zero returnedl. 


After reading the Status Register, the CPU then reads thp 
Result Register for more information. 


THE RESULT REGISTER 


This byte format facilitates the use of an address table 
to look up error routines and messages. The standard 
result byte format is: 


I I I I I 0 I 
T 


Y_LNOTUSED.O 
'L 
COMPLETIONCOOE 


COMPLETION 
TYPE 


DELETED 
DATA 
FOUND 


Bits 7 and 6: 


Not used (zero returnedl. 


Deleted Data Found: This·bit is set when deleted data is 
encountered during a transaction. 


Bits 4 and 3: Completion Type 


The completion type field provides general information 
regarding the outcome of an operation. 


The completion type field provides general information 
regarding the outcome of an operation. 


Completion 
Type 


00 
01 
10 


Event 


Good Completion - 
No Error 
System Error - 
recoverable errors; 


operator intervention probably required 
for recovery. 
Command/Drive Error - 
either a program 


error or drive hardware failure. 


intJ 


Blt8 2 and 1: Completion Code 


The 
completion 
code 
field 
provides 
more 
detailed 
information about the completion type (SeeTable). 


Completion 
Completion 
Type 
Code 


00 
00 


Definition 
I, 


S·uccessful 
Completion/ 


Scan 
Not 
Met 


Scan 
Met Equal 


It is important to note the hierarchical structure of the 
result byte. In very simple systems where only a GO-NO 
GO result is required, the user may simply branch on a 
zero result (a zero result is a good completion), The next 
level of complexity is at the completion type interface. The 
completion type supplies enough information so that the 
software may distinguish 
between fatal and non-fatal 


errors. If a completion type 01 occurs, ten retries should 
be performed 
before 
the error 
is considered 
unre- 


coverable. 


Event 


Good Completionl 
Scan Not Met 
'Scan Met Equal 
Scan Met Not Equal 


Clock Error 
Late DMA 
10 CRC Error 
Data CRC Error 
Drive Not Ready 
Write Protect 
Track 0 Not Found 
Write Fault 
Sector Not Fou.nd 


The Completion Type/Completio\1 Code interface sup- 
plies the greatest detail about each type of completion. 
This interface is used when detailed information about the 
transaction completion is required. 


Bit 0: 


Neit used (zero returned), 


Interpretation 


The diskette 
operation 
specified 
was completed 
without 
error. 
If scan operation 


was specified, 
the pattern 
scanned 
was not found 
on the track 
addressed. 


The 
data 
pattern 
specified 
with 
the 
scan 
command 
was 
found 
on 
the 
track 


addressed 
with 
the specified 
comparison, 
and the equality 
was met. 


The 
data 
pattern 
specified 
with 
the 
scan 
command 
was 
found 
with 
the 


specified 
comparison 
on the track 
addressed, 
but the equality 
was not 
met. 


During 
a diskette 
read operation. 
a clock 
bit was missing 
Idroppedl. 
Note that this 


function 
is disabled 
when 
reading 
any of the 
10 address 
marks 
(which 
contain 
missing 
clock 
pulses). 
If this 
error 
occurs, 
the- operation 
is terminated 
immedi- 


ately 
and 
an interrupt 
is generated 
' 


During 
either 
a diskette 
read or.write 
operation. 
the da,ta channel 
did not respond 


within 
the allotted 
time interval 
to prevent 
data from 
being 
overwritten 
or lost. This 


error 
immediately 
terminates 
the operat'ion 
and 
generates 
an interrupt. 


The CRC word 
Itwo bytesl 
derived 
trom 
the data read in an ID field 
did not match 
the 
CRC word 
written 
in the 
10 field 
when 
the track 
was formatted. 
If this error 


occurs, 
the associated 
diske'tte 
operation 
is prevented 
and no data is transferred. 


During 
a diskette 
read operation, 
the CRC word 
derived 
from 
the data field 
read 


did not match 
the data field 
CRC word 
previously 
written. 
If this error 
occurs. 
the 


data 
re~d from 
the sector 
should 
be considered 
invalid. 


The 
drive 
addressed 
wa~ not 
ready. 
This 
indication 
is caused 
by any 
of the 


following 
conditions: 


1. Drive 
not powered 
up 
2. Diskette 
not 
loaded 
3. Non-existent 
drive 
addressed 
4. Drive 
went 
not 
ready 
during 
an operation 
Note 
that 
this 
completion 
code 
is cleared 
only 
through 
an 
FDC 
read 
drive 


status 
command. 


A 
diskette 
wdte 
operation 
was 
specified 
on 
a write 
protected 
diskette. 
The 


intended 
write 
operation 
is prevented 
and 
no data 
is written 
on the diskette. 


During 
a seek 
to 
track 
00 
operation, 
the 
drive 
failed 
to 
provide 
a track 
00 


indication 
after 
being 
stepped 
255 times. 


This error 
is dependent 
on the drive supported 
and indicates 
that the fault 
input 
to 


the 
FDC 
has been 
activated 
by the drive. 


Either 
the sector 
addressed 
could 
not be found 
within 
one complete 
revolution 
of 
the diskette 
(two index 
marks 
encountered) 
or the track 
address 
specified 
did not 


match 
the 
track 
address 
contained 
In the 
ID field. 
Note 
that 
when 
the 
track 


address 
specified 
and the track 
address 
read do not match, 
the FOG automatically 


increments 
its track 
address 
register 
(stepping 
the drive 
t~ the 
next 
track) 
and 


again 
compares 
the track 
addresses. 
If the track 
addresses 
still do not match, 
the 


track 
address 
register 
is incremented 
a second 
time 
and another 
comparison 
is 


.made 
before 
the sector 
not 
found 
completion 
code 
is set. 


inter 


INITIALIZATION 


Reset Command 


Ao 


Function: The Reset command emulates the action of 
the reset pin. It is issued by outputting a one followed 
by a zero to the Reset register. 


1. The drive control signals are forced low. 
2. An in-progress command is aborted. 
3. The FOGstatus register flags are cleared. 
4. The FOGenters an idle state unlilthe next command is 


issued. 


Reset must be active for 10 or more clock cycles. 


SPECIFY COMMAND 


Many of the interface characteristics 
of the FOC are 


specified by the systems software. Pripr to initiating any 
drive operation command, the software must execute 
the three specify commands. Thf!lre are two types of 
specify commands selectable by the first 
parameter 


issued. 
First Parameter 
Specify Type 


OOH 
10H 
18H 


Initialization 
Load bad Tracks Surface '0' 
Load bad Tracks Surface '1' 


The Specify command is used prior to performing any 
diskette operation (including formatting of a diskette) to 
define the drive's inherent operating characteristics and 
also 
is 
used 
following 
a 
formatting 
operation 
or 


installation of another diskette to define the locations of 
bad tracks. 
Since the Specify command only 
loads 
internal registers within the 8271 and does not involve an 
actual diskette operation, command processing is limited 
to only Command Phase. Note that once the operating 
characteristics and bad tracks have been specified for 
a given drive and diskette, redefining these values need 
only be done if a diskette with unique bad tracks is to be 
used or if the system is powered down. 


<Note:Mini-floppyparametersaredoubled. 


Parameter 0 - 
OOH= Select Specify Initialization. 
Parameter 1 - 
07-00 = Step Rate!O-255msin 1mssteps). 
Parameter 2 - 
07-00 = Head Settling Time (0-255msin 1 


ms stepsl. {O- 510ms in 2ms steps} 0 = standard, 
{}= mini 


Parameter 3 - 
07-04 = Index Gount - 
Specifies the 
number of Revolutions (0-141which are to occur before 
the FOC automatically unloads the R/W head. If 15 is 
specified, the head remains loaded. 


03-00 = Head Load Time (0-60ms in steps of 4msl. 


{0-120ms 
in 8ms steps} 0 = standard, {}= mini 


ParameterO:1OH= LoadSurfacezero badtracks 


18H= Load Surface one bad track 


Parameter.1: 
Bad track address number 1 (Physical Addressl. 


It is recommended to program both bad tracks and cur- 
rent track to FFHduring initialization. 


SEEK COMMAND 


The seek command movesthe head to the specified track 
without loading the head or verifying the track. 


The seek operation uses the specified bad tracks to 
compute the physi.caltrack address. This feature insures 
that the seek operation positio'nsthe headover the correct 
track. 


When a seek to track zero is specified, the FOC steps 
the head until the track 00 signal is detected. 


If the track 00 signal is not detected within (FF)Hsteps, a 
track 0 not found error status is returned. 


A seekto track zero is usedto position the read/write head 
when the current head position is unknown (such asafter 
a power upl. 


Seek operations are not verified. A subsequent read or 
write operation must be performed to determine if the 
correct track is located. 


This command is used to interrogate the drive status. 
Upon completion the result register will hold the final 
drive status. 


• Note 
the two 
ready 
bits 
are zero latching. 
Therefore, 
to clear 
the drive 


not ready condition, 
assuming 
the drive 
is ready. and to detect 
it via soft- 


ware, one must issue this command twice. 


inter 


"EAO 
RESULT 


BYTe 


This 
command 
is used to access special 
registers 
within 
the 8271. 


Command 
code: 


3DH Read Special 
Register 
3AH Write 
Special 
Register 


For both 
commands, 
the first 
parameter 
is the register 


address; 
for 
Write 
commands 
a 
second 
parameter 


specifies 
data 
to 
be 
written. 
Only 
the 
Read 
Special 


Register 
command 
supplies 
a result. 


Regllter 
Address 
Description 
In Hex 
Comment 


Scan Sector Number 
06 
See Scan Description 


Scan MSB of Count 
14 
See Scan Description 


Scan LSB of Count 
13 
See Scan Description 


Surface 0 Current 
Track 
12 


Surface 
1 Current 
Track 
1A 


Mode Register 
17 
See Mode Register 
Description 


Drive Control 
Output 
Port 
23 
See Drive Output 
Port Description 


Drive Control Input Port 
22 
See Drive Input 
Port Description 


Surface 
0 Bad Track 
1 
10 


Surface 0 Bad Track 
2 
11 


Surface 
1 Bad Track 
1 
18 


Surface 
1 Bad Track 2 
19 


01 
06 
05 
04 


I 1 I 1 I 0 I 0 I 


0) 
02 
0, 
Do 


0101 
~ 


'" 0 DMA MODE. '" , NON DMA 


= 0 DOUBLE." 
1 SINGLE 
ACTUATOR 


Bits 6 & 7 


Must 
be one. 


OBit 
1 


Double/Single 
Actuator: 
Selects single or double 
actuator 


mode. 
If the single 
actuator 
mode 
is selected, 
the FDG 


assumes 
that the physical 
track 
location 
of both disks is 


always 
the same. This 
mode 
facilitates 
control 
of a drive 


which 
has 
a single 
actuator 
mechanism 
to 
move 
two 


heads. 


OBit 
0 


Data 
Transfer 
Mode: 
This 
bit selects 
the 
data 
transfer 


mode. 
If this 
bit is a zero, the FDG operates 
in the DMA 


mode 
(DMA 
RequestlAGKl. 
If this 
bit is a one, the FDG 


operates 
in non-DMA 
mode. When the FDG is operating 
in 


DMA mode, interrupts 
are generated 
at the completion 
of 
commands. 
If the non-DMA 
mode 
is selected, 
the FDG 


generates 
an interrupt 
for every data byte transferred. 


Non·DMA Transfers in DMA Mode 


If the user desires, he may retain the use of interrupts 
generated upon command completions. 
This mode is 
accomplished 
by selecting 
the DMA capability, 
but 
using the DMA REQ/ACK pins as effective INT and CS 
signals, respectively. 


Drive Control Input Port 


Reading this port will give the CPU exactly the data that 
the FDC sees at the corresponding pins. Reading this 
port will update the drive not ready status, but will not 
clear the status. (See Rea·dDrive Status Command for 
Bit locations.) 


lOW 
HEAD 
CURRENT 


WRITE 
FAULT 
RESETI 


OPTIONAL 
OUTPUT 


SELECT 
0 


Each of these signals correspond to the chip pin of the 
same name. On standard-sized drives with write fault 
detection logic, bit 5 is set to generate the write fault 
reset signal. This signal is used to clear a write fault 
indication within the drive. On mini-sized drives, this bit 
can be used to turn on or off the drive motor prior to initi- 
ating a drive operation. A time delay after turn on may be 
necessary for the drive to come up to speed. The regis- 
ter must be read prior to writing the register in order to 
save the states of the remaining bits. When the register 
is subsequently written to modify bit 5, the remaining 
bits must be restored to their previous states. 


IBM DISKETTE GENERAL FORMAT 
INFORMATION 
The IBM Flexible Diskette used for data storage and 
retrieval is organized into concentric circular paths or 
TRACKS. There are 77 tracks on either one or both sides 
(surfaces) of the diskette. On double-sided diskettes, the 
corresponding top and bottom tracks are refened to as a 
CYLINDER. Eachtrack is further divided into fixed length 
sections or SECTORS.The number of sectors pertrack- 
26, 15or 8- 
isdetermined when atrack isformatted and is 
dependent on the sector length - 
128,256 or 512 bytes 
respectively - 
specified. 


All tracks on the diskette are referenced to a physical 
index mark (a small hole in the diskette). Each time the 
hole passes a photodetector cell (one revolution of the 
diskette), an Index pulse is generated to indicate the 
logical beginning of a track. This index pulse is used to 
initiate a track formatting operation. 


Track 
Format 


Each Diskette Surface is divided into 77 tracks with each 
track divided into fixed length sectors. A sector can hold a 
whole record or a part of a record. If the record is shorter 
than the sector length, the unused bytes are filled with 
binary zeros. If a record is longer than the sector length, 
the record is written over as many sectors as its length 
requires. The sector size that provides the most efficient 
use of diskette space can be chosen depending upon the 
record length required. 
Tracks are numbered from 00 (outer-most) 10 76 (inner- 
most) and are used as follows: 


TRACK 00 reserved as System Label Track 
TRACKS 01 through 74 used for data 
TRACKS 75 and 76 used as alternates. 


Each sector consists of an ID field (which holds a unique 
address for the sector) and a data field. 


The ID field is seven bytes long and is written for each 
sector when the track is formatted. Each ID field consists 
of an IDfield Address Mark, aCylinder Number byte which 
identifies the track number, a Head Number byte which 
specifies the head used (top or bottom) to access the 
sector, a Record Number byte identifying 
the sector 


number (1 through 26 for 128 byte sectors), an N-byte 
specifying the byte length of the sector and two CRC 
(Cyclic Redundancy Check) bytes. 


The Gaps separating the index mark and the 10 and data 
fields are written on a track when it is formatted. These 
gaps provide both an interval for switching the drive elec- 
tronics from reading or writing and compensation for rota- 
tional speed and other diskette-to-diskette and drive-to- 
drive manufacturing tolerances to ensure that data written 
on a diskette by one system can be read by another 
(diskette interchangeability!. 


Track Format 


The disk has77tracks, numbered physically from 00 to 76, 
with 
track 00 being the outermost 
track. There are 


logically 75 data tracks and two alternate tracks. Any two 
tracks may be initialized asbadtracks. The data tracks are 
numbered logically in sequence from 00 to 74, skipping 
over bad tracks (alternate tracks replace bad tracks). 
Note: In IBM format track 00 cannot be a bad track. 


Sector Format 


Each track is divided into 26,15, or 8 sectors of 128,256, 
or 512 bytes length respectively. The first 
sector 
is 
numbered 01, and is physically the first sector after the 
physical 
index 
mark. The 
logical 
sequence of 
the 


remaining sectors may be nonsequential physically. The 
location of these is determined at initialization by CPU 
software. 
Each sector consists of an 10 field and a data field. All 
fields are separated by gaps. The beginning of each field 
is indicated by 6 bytes of (OOlH followed by a one byte 
address mark. 


Address Marks 


Address Marks are unique bit patterns one byte in length 
which are used to identify the beginning of 10 and Data 
fields. Address Mark bytes are unique from all other data 


~'~ 
_ l~~_Se_"_o_,_0'_1< 
Sector 
02 


G,p 


Physical 
Record 
Length 


Hex 00 for 128 byte per sector for mat 
Hex 01 for 256 byte per sector format 
Hex 02 for 512 byte per seetor format 


AM2: Oat.: hex FB or F8 
FB· 
data field 


Fa· 
control 
field 


(The control 
field can 
begin wnh a 0 or an F: 
o ., de leted record 
F 
EO defective 
record 


Clock: 
hex C7) 


Cyclic redundancy 
check. 


The check bytes ere 


generlted 
dur 
ing • 
wr its 
operation. 
They are used 


during a read op.atton 
to verify thu 
date is 


read cOI'fectly. 


Hex 01 through lA for 128 byte per seetor format disksn. 
Hex 01 through 
OF for 256 byte per sector forlTlllt diskette 


Hex 01 through 
08 tor 512 byte 
per sector lormat 
diskette 


@ 
Post-ID 
~p. 


@ 
Post-dilte gap. 


AM1: ident"ie, 
ID field 
Data: 
hex FE 


Clock: hex C7 


bytes 
in that certain 
bit cells do not contain 
a clock 
bit (all 


other data bytes have clock 
bits in every bit cell.l There are 


four different 
types of Address 
Marks used. Each of these 


is used to identify 
different 
types 
of fields. 


Index 
Address 
Mark 


The 
Index 
Address 
Mark 
is located 
at the beginning 
of 


each track 
and is a fixed 
number 
of bytes 
in front 
of the 


first 
record. 


10 Address 
Mark 


The 10 Address 
Mark 
byte is located 
at the beginning 
of 


each 
10 field 
on the diskette. 


Data Address 
Mark 


The Data Address 
Mark byte is located 
atthe 
beginning 
of 


each non-deleted 
Data Field on the diskette. 


Deleted 
Data Address 
Mark 


The 
Deleted 
Data Address 
Mark 
byte 
is located 
at the 


beginning 
of each deleted 
Data Field on the diskette. 


Clock 
Data 
Address 
Mark Summary 
Pattern 
Pattern 


Index 
Address 
Mark 
07 
FC 
10 Address 
Mark 
C7 
FE 
Data Address 
Mark 
C7 
FB 
Deleted 
Data Address 
Mark 
C7 
F8 
Bad Track 
10 Address 
Mark 
C7 
FE 


10 Field 


MARK~CRC8 


C = Cylinder 
(Track) 
Address, 00-74 
H = Head Address 


R = 
Record (Sector) 
Address, 01-26 


N = Record 
(Sector) 
Length,00-02 


Note: 
Sector Length = 128 x 2N bytes 


CRC 
= 16 Bit CRC Character 
(See Below) 


Data Field 


MAR K I... 
D_A_T_A 
C_R_C 
C_R_C 
__ 


Data is 128, 256, or 512 bytes long. 


Note: 
All marks, data, 10 characters and CRC 
characters are recorded and read most 
significant 
bit first. 


CRC Character 


The 
16-bit 
CRC 
character 
is 
generated 
using 
the 


generator 
polynominal 
X16 + 
X12 + 
X5 + 1, normally 


initialized 
to 
(FF)H. It is generated 
from 
all 
characters 


(except 
the CRC in the 10 or data field), including 
the data 


(not the clocks) 
in the address 
mark. 
It is recorded 
and 


read most significant 
bit first. 


intJ 


Data Format 


Data is written (general case) in the following 
manner: 


MISSING 
CLOCK 
CLOCK 
CLOCK 
CLOCK 


DATA "0" 
DATA "1" 
DATA "1" 
DATA "1" 


References 


"The IBM Diskette for Standard Data Interchange," 
IBM 


Document GA21-g182-0. "System 
32," Chapter 8, IBM 


Document GA21-9176-0. 


Bad Track Format 


The Bad Track Format is the same as the good track 
format except that the bad track 10 field is initialized as 
follows: 


C = H = R = N = (FFIH 


When formatting, 
bad track registers should be set to 


FFH for the drive during the formatting, thus specifying 
no bad tracks. Thus, all tracks are left available for for· 
matting. 


The track 
following 
the bad track(s) should 
be one 


higher in number than track before the bad track(s). 


Upon completion of the format the bad tracks should be 
set up using the write special register command. The 
8271 will then generate an extra step pulse to cross the 
bad track, locating a new track that now happens to be 
an extra track out. 


Format Track 


0 
0 
S~L I 
S~L I 
' 
I 
0 
I 
0 
I 
o 
I 
' 
I 
1 


0 
, 
TRACK 
ADDRESS 


0 
, 
GAP 3 SIZE MINUS 6 


0 
, 
RECORD 
LENGTH I 
NO. OF SECTQRS/TRACK 


0 
, 
GAP 5 SIZE MINUS 6 


0 
, 
GAP 1 SIZE MINUS 6 


The format command can be used to initialize a disk track 
compatible 
with the IBM 3740 format. A Shugart "'IBM 


Type"' mini-floppy 
format may also be generated. 


The Format command can be used to initialize 
a disk· 


ette, one track at a time. When format command is used, 
the program must supply ID fields for each sector on the 
track. Ouring command execution, the supplied 10fields 
(track head sector addresses and the sector length) are 
written 
sequentially 
on the diskette. 
The 10 address 


marks originate 
from the 8271 and are written 
auto· 


matically as the first byte of each 10field. The CRC char· 
acter is written in the last two bytes of the 10field and is 
derived from the data written in the first five bytes. Our· 
ing the formatting 
operation, the data field of each sec· 


tor is filled 
with data pattern (E5)H' The CRC, derived 


from the data pattern is also appended to the last byte. 


1. The parameter2 (07 - Os)of the Format commandspecify 


record length, the bits are coded the same way as in the 
ReadDatacommands. 


2. The programmablegap sizes(gap3, gap5, andgap 1)must 


be programmedsuch that the 6 bytesof zero(sync)aresub· 
tracted from the intendedgapsize i.e., if gap 1 is intended 
to be 16bytes long, programmedlength must be 16- 6= 10 
bytes (of FFH's). 


Mlnl·Floppy 
Disk Format 


The mini·f1oppy disk format differs 
from the standard 


disk format in the following 
ways: 


1. Gap 5 and the Index Address mark have been eliml· 
nated. 
2. There are fewer sectors/tracks. 


GAPS 


The following is the gap size and description summary: 


Gap 1 
Programmable 
Gap 2 
17 Bytes 
Gap 3 
Programmable 
Gap 4 
Variable 
Gap 5 
Programmable 


The last six bytes of gaps 1,2,3 and 5 are (OOlH,all other 
bytes in the gaps are (FFIH. The Gap 1,3 and 5 count 
specified by the user are the number of bytes of (FFIH.Gap 
4 is written until the leading edge of the index pulse. If a 
Gap 5 size of zero is specified, the Index Mark is not 
written. 


This gap separates 
the index ad· 


dress mark of the index pulse from 
the first ID mark. It is used to pro· 
teet the first 10 field from a write on 
the last physical sector of the cur· 
rent track. 


This gap separates the ID field from 
the data mark and field such that 
during 
a write only the data field 


will 
be changed even if the write 


gate turns 
on early, due to drive 


speed changes. 


This gap separates a data area from 
the next 10 field. It is used so that 
during 
drive 
speed 
changes 
the 


next 10 mark will not be overwritten, 
thus causing loss of data. 


This gap fills out the rest of the disk 
and is used for slack during format· 
ting. During drive speed variations 
this gap will shrink or grow if the 
disk is re·formatted. 


This gap separates the last sector 
from the Index Address mark and 
is used to assure that the index ad· 
dress 
mark 
is 
not 
destroyed 
by 


writing 
on the 
last 
physical 
data 


sector on the track. 


The number of FF bytes is programmable for gaps 1,3 
and 5. 


Gap 1: 
N bytes FF's 
6 bytes O's for sync 


Gap 2: 
11 bytes FF's 
6 bytes O's for sync 


Gap 3: 
N bytes FF's 
6 bytes O's for sync 


Gap 4: 
FF's only 


Gap 5: 
N bytes FF's 
6 bytes O's for sync 


inter 


I" 
"I 
1 
8 


I" 
1 
----'8 


t 
WRITE 
GATE 
TURN-QN 
FOR UPDATE 
OF NEXT 


DATA 
FIELD. 


NOTE: 
THE WRITE 
GATE 
TURN-QN 
SHOULD 
BE TIMED 


TO WITHIN 
± "" 1 BIT BY COUNTING 
THE 
BYTES 


IN THE GAP UNTIL 
1 BYTe 
BEFORE 
THE 


TURN·ON. 


L 


GAP4: 
FINAL 
GAP 


I" 
I 


GAPS: 
INITIAL 
GAP 
I" 
I 


~I 


----- 
1 


"I 
--------8 


inter 


n 


PHVSICAL 
INDEX 
MARK. 
----- 


HEX FF 
I (~;:~ I 


40 BYTES 
e 8YTES 


(TYPICAIJ 


NUMBER 
OF BYTES 


NUMBER 
GAP 1 
GAP 2 
GAP 3 
GAPS 


OF SECTORS 
10 FIELD 
DATA 
FIELD 
GAP 4 
·ONES 
SYNC 
ONES 
SYNC 
·ONES 
SYNC 
·ONES 
SYNC 


26 
26 
6 
7 
11 
6 
131 
27 
6 
275 
40 
6 


15 
26 
6 
7 
11 
6 
259 
46 
6 
129 
40 
6 


8 
26 
6 
7 
11 
6 
515 
90 
6 
146 
40 
6 


4 
26 
6 
7 
11 
6 
1027 
224 
6 
236 
40 
6 


2 
26 
6 
7 
11 
6 
2051 
255 
6 
719 
40 
6 


1 
26 
6 
7 
11 
6 
4099 
0 
0 
1007 
40 
6 


NUMBER 
OF BYTES 


NUMBER 
GAP 1 
GAP 2 
GAP3 


OF SECTORS 
10 FIELD 
DATA 
FIELD 
GAP4 
·ONES 
SYNC 
ONES 
SYNC 
·ONES 
SYNC 


18 
16 
6 
7 
11 
6 
131 
11 
6 
24 


10 
16 
6 
7 
11 
6 
259 
21 
6 
30 


5 
16 
6 
7 
11 
6 
515 
74 
6 
88 


2 
16 
6 
7 
11 
6 
1027 
255 
6 
740 


1 
16 
6 
7 
11 
6 
2051 
0 
0 
1028 


inter 


SET: { 
TC STOP 
AND 
DMA 
ENABLE 
BITS 
} 


SET: 
AUTO 
LOAD 
AND 
DMA 
ENABLE 
BITS 


The Read ID command transfers the specified number of 
ID fields into memory<beginning with the first ID field after 
Index). The CRC character is checked but not transferred. 


These fields are entered into memory in the order in 
which they are physically located on the disk, with the 
first field being the one starting at the index pulse. 


All the routine ReadlWrite commands examine specific 
drive status lines before beginning execution, 
perform 


an implicit seek to the track address and load the drive's 
read/write 
head. Regardless of the type of command 


(I.e., read, write or verify), the 8271 first 
reads the ID 


field(s) to verify that the correct track has been located 
(see sector 
not found 
completion 
code) and also to 


locate the addressed sector. When a transfer is com- 
plete (or cannot be completed), the 8271 sets the inter- 
rupt request bit in the status register and provides an in- 
dication 
of the outcome of the operation 
in the result 


register. 


If a CRC error is detected during a multisector transfer, 
processing is terminated with the sector in error. The 
address of the failing sector number can be determined by 
examining the Scan Sector Number register using the 
Read Special Register command. 


Full power of the multisector read/write commands can be 
realized by doing DMA transfer using Intel® 8257 DMA 
Controller, 
For 
example, 
in 
a 
128 byte 
per 
sector 


multisector 
write 
command~ 
the 
entire 
data 
block 


(containing 128 bytes times the number of sectorsl can be 
located in a disk memory buffer. Upon completion of the 
command phase, the 8271 begins execution by accessing 
the desired track, verifying the ID field, and locating the 
data field of the first record to be written. The 8271 then 
DMA-accesses the first sector and starts counting 
and 


writing one byte at a time until all 128 bytes are written. It 
then locates the data field of the next sector and repeats 
the procedure until all the specified sectors have been 
written. Upon completion of the execution phase the 8271 
enters into the result phase and interrupts the CPU for 
availability of status and completion results. Note that all 
read/write commands, single or multisector are executed 
without CPU intervention. 


Note, execution of multi-sector 
operations are faster if 


the sectors are not interleaved. 


0 
0 
S,El I S~L I COMMAND 
OPCODE 


0 
, 
TR,ACK 
ADDR 
0·255 


0 
, 
SECTOR 
0·255 


Commands 


READ DATA 
READ DATA AND DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
VERIFY DATA AND DELETED DATA 


Opcode 


12 
16 
OA 
OE 
1E 


0 
0 
S,El 
I 
S~L I 
COMMAND 
OPCODE 


0 
1 
TRACK 
ADOR 
0-255 


0 
1 
SECTOR 
0·255 


0 
1 
lENGTH 
I 
NO. OF 
SECTORS 


D7-Ds of Parameter 
2 determine 
the 
length 
of the disk 


record. 


000 
001 
o 1 0 
o 1 1 
100 
1 0 1 
1 1 0 
1 1 1 


128 Bytes 
256 Bytes 
512 Bytes 
1024 Bytes 
2048 Bytes 
4096 Bytes 
8192 Bytes 
16,384 Bytes 


Commands 


READ 
DATA 
READ 
DATA 
AND 
DELETED 
DATA 


WRITE 
DATA 
WRITE 
DELETED 
DATA 
VERIFY 
DATA 
AND 
DELETED 
DATA 
SCAN 
DATA 
SCAN 
DATA 
AND 
DELETED 
DATA 


Opcode 


13 
17 
OB 
OF 
1F 
00 
04 


Read Commands 


Read Data, Read Data and Deleted 
Data. 


Function 


The 
read command 
transfers 
data from 
a specified 
disk 
record 
or group 
of records 
to memory. 
The operation 
of 


this command 
is outlined 
in execution 
phase table. 


Write Commands 


Write 
Data. Write 
Deleted 
Data. 


Function 


The 
write 
command 
transfers 
data 
from 
memory 
to a 
specified 
disk 
record 
or group 
of records. 


Verify Command 


Verify 
Data and Deleted 
Data. 


Function 


The 
verify 
command 
is identical 
to 
the 
read 
data 
and 


deleted 
data 
command 
except 
that 
the 
data 
is 
not 


transferred 
to memory. 
This 
command 
is used to check 
that 
a record 
or a group 
of 
records 
has been 
written 


correctly 
by verifying 
the CRC character. 


0 
0 
S~L I S~L 
lot 
o 
tot 
SOAT 
~ I 
0 
I 
0 
S.OELD 


0 
, 
TRACK 
AODR 
0-255 


0 
1 
SECTOR 
0-255 


0 
1 
lENGTH 
I 
NO. OF SECTORS 


0 
1 
SCAN 
TYPE I 
STEP 
SIZE 


0 
1 
FIELD 
LENGTH 
(KEY) 


Command 
O2 
D2 
o 
Scan Data 


1 
Scan Data and 
Deleted 
Data 


Scan Commands. 
Scan Data and Scan Data and Deleted 


Data, are used to search 
a specific 
data pattern 
or "key" 


from 
memory. 
The 8271 FDC operation 
during 
a scan is 


unique 
in that 
data 
is read from 
memory 
and from 
the 


diskette 
simultaneously. 


During 
the 
scan 
operation. 
the 
key 
is 
compared 


repetitively 
(using 
the 8257 DMA Controller 
in auto 
load 


mode) with 
the data read from the diskette 
(e.g .• an eight 


byte key would 
be compared 
with the first eight bytes (1-8) 


read from 
the diskette. 
the second 
eight 
bytes (9-16). the 


third 
eight 
bytes 
(17-24). etc.>. The 
scan 
operation 
is 


concluded 
when the key is located 
or when the specified 


number 
of sectors 
have been searched 
without 
locating 


the 
key. 
When 
concluded. 
the 
8271 
FDC 
requests 
an 


interrupt. 
The program 
must then read the result 
register 


to determine 
if the scan was successful 
(if the key was 


located>' 
If 
successful. 
several 
of 
the 
FDC's 
special 


registers 
can 
be 
examined 
(read 
special 
registers 
command) 
to 
determine 
more 
specific 
information 
relating 
to the scan (i.e .. the sector 
number 
in which 
the 


key was located. 
and the number 
of bytes within 
the sector 


that were not compared 
when 
the key was located>' 


The 8271 does 
not 
do a sliding 
scan, 
it does 
a fixed 


block 
linear 
search. 
This 
means 
the 
key 
in memory 
is 


compared 
to an equal 
length 
block 
in a sector; 
when 


these 
blocks 
meet 
the 
scan 
conditions 
the 
scan 
will 


stop. 
Otherwise, 
the scan continues 
until 
all the sectors 


specified 
have been searched. 


The 
following 
factors 
regarding 
key 
length 
must 
be 


considered 
when 
establishing 
a key in memory. 


1. When searching 
multiple 
sectors. 
the length 
of the key 


must 
be 
evenly 
divisible 
into 
the 
sector 
length 
to 


prevent 
the key from 
being 
split 
at subsequent 
sector 


boundaries. 
Since the character 
FFH is not compared. 


the key in memory 
can be padded to the required 
length 


using this character. 
For example, 
if the actual 
pattern 


compared 
on the diskette 
is twelve characters 
in length, 


the field length 
should 
be sixteen 
and four bytes of FFH 


inter 


would be appended to the key. Consequently, the last 
block of sixteen bytes compared within the first sec- 
tor would end at the sector boundary and the first 
byte of the next sector would be compared with the 
first byte of the key. Splitting data over sector bound· 
arys will not work properly since the FDC expects the 
start of key at each sector boundary. 


2. Since the first byte of the key is compared with the first 
byte of the sector, when the pattern does not begin with 
the first byte of the sector, the key must be offset using 
the character FF16.For example, if the first byte of a 
nine byte pattern begins on the fifth byte of the sector, 
four bytes of FF16are prefixed to the key (and three 
bytes of FF16are appended to the key to meet the 
length requirement) so that the first actual comparison 
begins on the fifth byte. 


Parameter 0, Track Address 


Specifies the track number containing the sectors to be 
scanned. Legal values range from OOHto 4CH(0to 76)for 
a standard diskette and from OOHto 22H (0 to 34) for a 
mini-sized diskette. 


Parameter 1, Sector Address 


Specifies the first sector to be scanned. The number of 
sectors scanned is specified in parameter 2, and the order 
in which sectors are scanned is specified in parameter 3. 


Parameter 2, Sector Length/Number of Sectors 


The sector length field (bits 7-5) specifies the number of 
data bytes allocated to each sector (see parameter 2, 
routine read and write commands for field interpretation>. 
The number of sectors field (bits 4-0)specifies the number 
of sectors to be scanned. The number specified ranges 
from one sector to the physical number of sectors on the 
track. 


07-06: 


OO-EO 


Indicate scan type 


Scan for each character 
within 
the field 
length (key)equal to the corresponding char- 
acter within the disk sector. The scan stops 
after the first equal condition is met. 


Scan for each character within the disk sec- 
tor greater than or equal to the correspond· 
ing character within the field length (key). 
The scan stops after the first greater than or 
equal condition is met. 


10-LEO 
Scan for each character within the disk sec- 
tor less than or equal to the corresponding 
character within the field length (key). The 
scan stops after the first less than or equal 
condition is met. 


Os-Do: 
Step Size: The Step Size field specifies the 
offset 
to the next sector in a multisector 


scan. In this case, the next sector address is 
generated by adding the Step Size to the 
current sector address. 


Parameter 4, Field Length 


Specifies the number of bytes to be compared (length of 
keyl. While the range of legal values is from 1 to 255, the 
field length specified should be evenly divisible into the 
sector length to prevent the key from being split at sector 
boundaries, if the multisector scan commands are used. 


Scan Command Results 


More detailed information about the completion of Scan 
Commands may be obtained by executing Read Special 
Register commands. 


Parameter 


(Hex) 


06 
The sector number of the sector in which the 
specified scan data pattern was located. 


MSB Count - 
The number of 128 byte blocks 


remaining to be compared in the current sector 
when the scan data pattern was located. This 
register is decremented with each 128byte block 
read. 


13 
LSB Count - 
The number of bytes remaining to 
be compared in the current sector when the scan 
data pattern is located. This register is initialized 
to 
128 and 
is decremented 
with 
each 
byte 


compared. 


Upon a scan met condition, the equation below can be 
used to determine the last byte in the located pattern. 


8271 Scan 
Command 
Example 


Assume 
there 
are 
only 
2 records 
on 
track 
0 with 
the 
following 
data: 


Record 
01: 01 02 03 04 05 06 07 08 000 
00 
Record 
02: 01 02 AA 
55 00 00 00 00 
00 


Field['[ 
Starting 
# of 
Completion 
Special 
Registers 
['[ 


Command 
Length 
Sector 
# 
Sectors 
Key[2[ 
Code[3! 
R06 
R14 
R13 
Comment 


SCAN 
EO 
2 
1 
1 
01,02 
SME 
01 
0 
1270 
Met in first 
field 


SCAN 
EO 
2 
1 
1 
02,03 
SNM 
X 
X 
X 
Not 
met 
SCAN 
EO 
2 
1 
1 
FF[51,05 
SNM 
X 
X 
X 
Not 
met with 
don't 
care 
, SCAN 
EO 
2 
1 
1 
FF[51,06 
SME 
01 
0 
1230 
Met with 
don't 
care 
, SCAN 
EO 
2 
1 
2 
AA,55 
SME 
02 
0 
1250 
Met in Record 
02 
, SCAN 
EO 
2 
2 
1 
01,02 
SME 
02 
0 
1270 
Starting 
sector 
# 1 
, SCAN 
EO 
4 
1 
1 
05,06,07,08 
SME 
01 
0 
1210 
Field, 
Key length 
= 4 
,. SCAN 
GEO 
4 
1 
1 
05,06,07,08 
SME 
01 
0 
1210 
GEO-SME 
SCAN 
GEO 
4 
1 
1 
05,04,07,08 
SMNE 
01 
0 
1210 
GEO-SMNE 
SCAN 
GEO 
4 
1 
2 
00,03,AA,44 
[6) 
SNM 
X 
X 
X 
GEO-SNM 
, SCAN 
LEO 
4 
1 
1 
01,03,FF,04 
SMNE 
01 
0 
1250 
LEO-SMNE 
SCAN 
LEO 
4 
1 
1 
01,02,FF,04 
SME 
01 
0 
1250 
LEO-SME 


Field Length - 
Each record is partitioned into a number of fields equal to the record size divided by the field length. 


Note that the record size should be evenly divisable by the field length to insure proper operation of multi record 
scan. Also, maximum field length = 256 bytes. 


2. Key - 
The key is a string of bytes located in the user system memory. The key length should equal the field length. 


By programming the 8257 DMA Controller into the auto load mode, the key will be recursively read in by the chip 
(once per field). 


3. Completion Code - 
Shows how Scan command was met or not met. 
SNM - 
SCAN Not Met - 
0 0 lalso Good Completel 
SME - 
SCAN Met Equal - 
0 1 
SMNE - 
SCAN Met Not Equal - 
1 0 


4. Special Registers 
R06 - 
This register contains the record number where the scan was met. 


R14 - 
This register contains the MSB count and is decremented every 128 characters. 


Length (R) 
(07-05 
of PAR 2) 


000 
001 
010 
011••• 


Record Size 


128 Bytes 
256 Bytes 
512 Bytes 
1024 Bytes 
••• 


R14 = 21- 1 
(Initialize at 
Beginning of Record) 


o 
1 
3 
7••• 


R13 - 
This register contains a modulo 128 LSB count which is initialized to 128at beginning of each record. This 
count is decremented after each character is compared except for the last character in a pattern match 
situation. 


6. The Scan comparison is done on a byte by byte basis. That is, byte 1of each field is compared to byte 1 of the key, 


byte 2 of each field is compared to byte 2 of the key, etc. 


inter 


Ambient 
Temperature 
Under Bias 
O·C to 70·C' 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin with 
Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
1 Watt 


*NOTlCE: Stresses 
above those listed under "Absolute 


Maximum Ratings" may cause permanent damage to the 
device. This is a stress 
rating only and functional opera- 


tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 
(Vee= 
+5.0V 
±5% 
8721 and 8271-8: TA=O·C 
to 70·C; 8271-6: TA=O·C 
to 50·C) 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


V1L 
Input Low Voltage 
-0.5 
0.8 
V 


V1H 
Input High Voltage 
2.0 
(Vee+0.5) 
V 


VOLD 
Output 
Low Voltage (Data Bus) 
0.45 
V 
IOL=2.0 mA 


VOLI 
Output Low Voltage (Interface 
Pins) 
0.5 
V 
10L= 1.6 mA 


VOH 
Output 
High Voltage 
2.4 
V 
10H= - 220 p.A 


IlL 
Input Load Current 
± 10 
p.A 
V1N = Vee to OV 


loz 
Off-State 
Output Current 
±10 
p.A 
VOUT= Vee toOV 


Ice 
Vee Supply Current 
180 
mA 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


C1N 
Input Capacitance 
10 
pF 
te= 
1 MHz 


CliO 
1/0 Capacitance 
20 
pF 
Unmeasured 
Pins Returned to GND 


A.C. CHARACTERISTICS 
(Vee = +5.0V ±5%) 
(8271 and 8271-8: TA= O·C to 70·C; 8271-6: TA= O·C to 50·C) 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAe 
Select Setup to RD 
0 
ns 
Note 2 


teA 
Select Hold from RD 
0 
ns 
Note 2 


tRR 
RD Pulse Width 
250 
ns 


tAD 
Data Delay from Address 
250 
ns 
Note 2 


tRD 
Data Delay from RD 
. 
150 
ns 
CL= 150 pF, Note 2 


tDF 
Output 
Float Delay 
20 
100 
ns 
CL = 20 pF for Minimum; 
150 pF for Maximum 


toe 
DACK Setup to RD 
25 
ns 


teD 
DACK Hold from RD 
25 
ns 


tKD 
Data Delay from DACK 
250 
ns 


Symbol 
Parameter 
" 
Min. 
Max. 
Unit 
Test Conditions 


tAc 
Select Setup to WR 
", 
0 
ns 


tCA 
Select Hold from WR 
0 
ns 


tww 
WR Pulse Width 
250 
ns 


tow 
Data Setup to WR 
150 
ns 


two 
Data Hold from WR 
0 
ns 


toc 
DACK Setup to WR 
,- 
25 
ns 


DACK Hold from WR 


c 
v 
25 
tco 
ns 


Parameter 


Request 
Hold from WR or RD (for Non-Burst 
Mode) 


- 


827118271·6 
Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tRSTW 
Reset Pulse Width 
10 
tCY 


tr 
Input Signal Rise Time 
20 
ns 


tf 
Input Signal Fall Time 
20 
ns 


tRSTS 
Reset to First IOWR 
2 
tCY 


tCY 
Clock Period 
250 
Note 3 


tCL 
Clock Low Period 
, 
110 
ns' 


tCH 
Clock High Period 
125 
ns 


tos 
Data Window 
Setup to Unseparated 
Clock and Data 
50 
ns 


toH 
Data Window Hold from Unseparated 
Clock and Data 
0 
ns 
, 


NOTES: 
1. All timing 
measurements 
are made at the reference 
voltages 
unless otherwise 
specified: 
Input "1" at 2.0V, "0" at a.BV 
Output 
"1" at 2,OV, "0" 
at 0,8V 


2. tAD, tAD, tACt and teA 
are not concurrent 
specs. 


3. Standard Floppy: 
tCy=250 
ns ±O.4% 
Mini·Floppy: 
tCy=500 
ns ±O.4% 


A C. TESTING 
INPUTS 
ARE DRIVEN 
AT 2 4V FOR A LOGIC 
1 
AND QASV FOR 


A LOGIC 
a 
TIMING 
MEASUREMENTS 
ARE MADE 
AT 2 OV FOR A LOGIC 
1 


AND Dav 
FOR A LOGIC 
0 


DATA 
BUS 
_ _ 
_ 
_ ==-~A~~ 
__~D 
'__ 
R:D::::::::X_- 
t_D_F_~ 
_ 
IKD--------f 


I 
~ 
==-_\_[<0-1 


='t=.DC- 


inter 


PULSE WIDTH PW = tCY 
:!: 30 os 
H (HALF BIT CEll) 
= 
8 fCY 
F (FUll 
BIT CEll) 
= 16 fCY 


-tCY = 250 os 
:!: 0.4% 


250 ns :!: 30 os 


2.01ols 
:!: 
8 os 


4.0jol$ 
:t16ns 


··tCY = 500 os :0.4% 


500 os %30 os 
4.0J.ls ±16ns 
8.0 loll ± 32 os 


8272 
SINGLE/DOUBLE DENSITY 
FLOPPY DISK CONTROLLER 


• IBM Compatible 
in Both Single and 
• Data Transfers in DMA or Non-DMA 


Double Density Recording Formats 
Mode 


• Programmable 
Data Record Lengths: 
• Parallel Seek Operations on Up to 
128,256,512, 
or 1024 Bytes/Sector 
Four Drives 


• 
Multi-Sector 
and Multi-Track Transfer 
• Compatible with 
Most 
Capability 
Microprocessors 
Including 8080A, 
• Drive Up to 4 Floppy Disks 
8085A, 8086 and 8088 


• Data Scan Capability - 
Will Scan a 
• Single-Phase 8 MHz Clock 
Single Sector or an Entire Cylinder's 
Worth of Data Fields, Comparing on a 
• Single 
+5 Volt Power Supply 


Byte by Byte Basis, Data in the 
Processor's Memory with Data Re~d 
• Available in 4O-Pln Plastic Dual-In-Line 
from the Diskette 
Package 


The 8272 is an LSI Floppy Disk Controller 
(FDC) Chip, which contains 
the circuitry 
and control functions 
for interfacing 
a processor 
to 4 Floppy 
Disk Drives. It is capable of supporting 
either IBM 3740 single density 
format 
(FM), or IBM 
System 34 Double Density format (MFM) including 
double sided recording. 
The 8272 provides 
control 
signals 
which 
simplify 
the design 
of an external 
phase locked 
loop, and write precompensation 
circuitry. 
The FDC simplifies 
and 
handles most of the burdens associated 
with implementing 
a Floppy Disk Drive Interface. 


SERIAL 


INTERFACE 
CONTROLLER 


READY 
WAITE 
PROTECTITWO 
SIDE 
INDEX 
FAUl TfTRACK 
0 


DRIVE 
INTERFACE 
CO,NTROLlER 


DRIVE 
SELECT 
0 
DRIVE 
SELECT 
1 
MFM 
MODE 


IlWISEEK 
HEAD lOAD 
HEAD 
SELECT 
LOW CURRENT/DIRECTION 
FAULT 
RESETfSTEP 


eLK 
--...... 


Vec 
----.. 


GND 
---. 


RESET 
Rii 


WR 
Cs 


Vcc 


RWISEEK 


LeT/DIR 


FRJSTP 


HOL 


ROY 


WPfTS 


FLTITRKO 


PS, 


WR DATA 


OSo 


051 


ORO 
14 


DiCK 


TC 


lOX 


INT 


eLK 


GND 
20 


intJ 


Pin 
Connec· 
Symbol 
No. 
Type 
tlon To 
Name and Function 


RST 
1 
I 
/LP 
Reset: 
Places 
FDC in 
idle state. Resets output 
lines 
to 
FDD to 
"0" 
(low). 


RD 
2 
I['J 
/LP 
Read: 
Control 
signal 


for transfer of data from 
FDC to Data Bus, when 
"0" (low). 


- 
1[1] 
WR 
3 
/LP 
Write: 
Control 
signal 


for transfer 
of data to 


FDC via Data Bus, when 
"0" (low). 


CS 
4 
I 
/LP 
Chip Select: IC selected 
whe~O" 
(lo!1, 
allow- 
ing RD and WR to be 
enabled. 


Ao 
5 
111J 
/LP 
Data/Status 
Register 
Select: 
Selects 
Data 
Reg (Ao = 1) or Status 
Reg (Ao = 0) content be 
sent to Data Bus. 


DBo-DB7 
6-13 
110[1] 
/LP 
Data Bus: Bidirectional 
8-Bit Data Bus. 


ORO 
14 
0 
DMA 
Data 
DMA 
Request: 


DMA Request is being 
made 
by 
FDC 
when 
ORO "1." 


DACK 
15 
I 
DMA 
DMA 
Acknowledge: 


DMA 
cycle 
is 
active 
when 
"0" 
(low) 
and 
Controller 
is perform- 
ing DMA transfer. 


TC 
16 
I 
DMA 
Terminal 
Count: 
Indi- 


cates the termination 
of 
a DMA transfer 
when 


"1" (high)['] 


lOX 
17 
I 
FDD 
Index: 
Indicates 
the 


beginning 
of 
a disk 


track. 


INT 
18 
0 
/LP 
Interrupt: 
Interrupt 
Re- 


quest 
Generated 
by 
FDC. 


CLK 
19 
I 
Clock: 
Single 
Phase 8 
MHz Squarewave Clock. 


GND 
20 
Ground: 
D.C. 
Power 
Return. 


Note 
1: 
Disabled 
when 
CS= 1. 


Note 
2: 
TC must 
be activated 
to terminate 
the 
Execution 
Phase 
of any command. 


Pin 
Connec- 


Symbol 
No. 
Type 
tlon To 
Name and Function 


Vcc 
40 
D.C. Power: +5V 


RW/SEEK 
39 
0 
FDD 
Read 
Write 
/ SEEK: 
When "1" 
(high) Seek 
mode 
selected 
and 
when 
"0" 
(low) 
Read/ 


Write mode selected. 


LCT/DIR 
38 
0 
FDD 
Low Current/Direction: 
Lowers 
Write 
current 
on 
inner 
tracks 
in 
Read/Write 
mode, 
de- 
termines direction head 
will step in Seek mode. 


FRlSTP 
37 
0 
FDD 
Fault 
Reset/Step: 
Re- 
sets fault FF in FDD in 


I;: 
Read/Write mode, pro- 


~ 
,- 
vides 
step 
pulses 
to 
move head to another 
cylinder in Seek mode. 


HDL 
36 
0 
FDD 
Head Load: Command 
which causes read/write 
head in FDD to contact 
diskette. 


ROY 
35 
I 
FDD 
Ready: 
Indicates 
FDD 
is ready to send or re- 
ceive data. 


WP/TS 
34 
I 
FDD 
Write 
Protect 
/ Two- 
Side: Senses Write Pro- 
tect 
status 
in 
Read/ 


Write 
mode, 
and Two 
Side 
Media 
in 
Seek 
mode. 


FLT/TRKO 
33 
I 
FDD 
FaultlTrack 
0: Senses 
FDD fault condition 
in 


Read/Write 
mode 
and 
Track 
0 condition 
in 


Seek mode. 


PS"PSo 
31,32 
0 
FDD 
Precompensatlon 
(pre- 


shift): 
Write 
precom- 


-c: 
.-f 
pensation status during 
MFM mode. Determines 
early, late, and normal 
times. 


WR DATA 
30 
0 
FDD 
Write Data: Serial clock 
and data bits to FDD. 


DS"DSo 
28,29 
0 
FDD 
Drive 
Select: 
Selects 


FDD unit. 


HDSEL 
27 
0 
FDD 
Head 
Select: 
Head 
1 


selected 
when 
"1" 


(high) Head 0 selected 
when "0" (low). 


inter 


Pin 
Connec- 
Symbol 
No. 
Type 
tlon To 
Name and Function 


MFM 
.26 
0 
PLL 
MFM Mode: MFMmode 
when "1," 
FM mode 
when "0." 


WE 
25 
0 
FDD 
Write Enable: Enables 
write data into FDD. 


veo 
24 
0 
PLL 
vca Sync: Inhibits veo 
in PLL when "0" (low), 
enablesveo when" 1." 


RD DATA 
23 
I 
FDD 
Read Data: Read data 
from FDD, containing 
clock and data bits. 


Pin 
Connec- 
Symbol 
No. 
Type 
tlon To 
Name and Function 


DW 
22 
I 
PLL 
Data Window: Gener- 
ated by PLL, and used 
to sample data from 
FDD. 


WR eLK 
21 
I 
Write Clock: Write data 
rate to FDD FM = 500 


f 


kHz,MFM= 1MHz,with 
a pulse width of 250 ns 
for both FM and MFM. 


Must be enabled for all 
operations, both Read 


, 
and Write. 


8237 
OACK 


DMA 
CONTROLLER 


TC 


TERMINAL 


COUNT 


Hand-shaking 
signals 
are provided 
in the 8272 which 


make DMA operation 
easy to incorporate 
with the aid of 


an external 
DMA Controller 
chip, such as the 8237. The 


FDC will operate 
in either 
DMA or Non-DMA 
mode. In 


the Non·DMA mode, the FDC generates interrupts 
to the 


processor 
for every transfer 
of a data byte between the 


CPU and the 8272. In the DMA mode, the processor 
need 


only load a command 
into the FDC and all data transfers 


occur under control 
of the 8272 and DMA controller. 


There are 15 separate 
commands 
which 
the 8272 will 


execute. 
Each of these commands 
require multiple 
8·bit 


bytes to fully specify the operation 
which the processor 


wishes 
the FDC to perform. 
The following 
commands 


are available. 


Read Data 
Read ID 
Read Deleted Data 
Read a Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Specify 


Write Data 
Format a Track 
Write Deleted Data 
Seek 
Recalibrate 
(Restore to 


Track 0) 


Sense Interrupt 
Status 


Sense Drive Status 


Address 
mark detection 
circuitry 
is internal 
to the FDC 


which 
simplifies 
the phase locked 
loop and read elec- 


tronics. 
The track 
stepping 
rate, head load time, 
and 


head unload time may be programmed 
by the user. The 


8272 offers 
many additional 
features 
such as multiple 


sector 
transfers 
in both read and write 
modes 
with 
a 


single 
command, 
and full 
IBM compatibility 
in both 


single (FM) and double density 
(MFM) modes. 


The 8272 contains 
two registers which may be accessed 


by the main system 
processor; 
a Status 
Register 
and a 


Data Register. The 8·bit Main Status 
Register 
contains 


the status information 
of the FDC, and may be accessed 


at any time. The 8·bit Data Register (actually 
consists 
of 


several registers 
in a stack with only one register 
pre· 


sented 
to the data bus at a time), 
stores 
data, com· 


mands, parameters, 
and FDD status 
information. 
Data 


bytes are read out of, or written 
into, the Data Register 


in order to program or obtain the results after execution 
of a command. 
The Status 
Register 
may only be read 


and is used to faci Iitate the transfer of data between the 
processor 
and 8272. 


The relationship between the Status/Data registers and 
the signals RD, WR, and Ao is shown below. 


Ao 
RD 
WR 
FUNCTION 


0 
0 
1 
Read Main Status 
Register 


0 
1 
0 
Illegal 


0 
0 
0 
Illegal 


1 
0 
0 
Illegal 


1 
0 
1 
Readfrom Data Register 


1 
1 
0 
Write into Data Register 


The bits 
in the Main Status Register are defined as 


follows: 


BIT NUMBER 
NAME 
SYMBOL 
DESCRIPTION 


DBo 
FOD 0 Busy 
°oB 
FOD number 
0 is in the Seek 
mode. 


DB, 
FDD 
1 Busy 
D,B 
FOD number 
1 is in the Seek 
mode. 


DB2 
FOD 2 Busy 
D2B 
FOD number 
2 is in the Seek 


mode. 


DB3 
FOD 3 Busy 
D3B 
FOD number 
3 is in the Seek 


mode. 


DB. 
FOe 
Busy 
CB 
A read 
or write 
command 
is 
in process. 


DBS 
Non·Dt-·1A 
mode 
NOM 
The 
FOC 
is in the 
non-OM 
A 


mode. 
This 
bit is set only 


during 
the 
execution 
phase 


in non-DMA 
mode. 
Tran· 


sition 
to "0" state 
Indicates 


execution 
phase 
has ended. 


DBS 
Data 
InpuUOutput 
010 
Indicates 
direction 
of data 


transfer 
between 
FOC 
and 


Data Register. If 010 = "," 
then 
transfer 
is from 
Data 
Register to the Processor. 


If 010 = "0" 
I then 
transfer 


Is from the Processor to 


Data 
Register. 


DB7 
Request 
for 
ROM 
Indicates 
Data 
Register 
Is 


Master 
ready 
to send 
or receive 


data 
to or from 
the 
Proc- 


essor. 
Both 
bits 
010 
and 
ROM 
should 
be used 
to 


perform 
the 
handshaking 


functions 
of "ready" 
and 


"direction" 
to the 


processor. 


The 010 and ROM bits in the Status Register indicate 
when Data is ready and in which direction data will be 
transferred on the Data Bus. 


OU1 


T OF FOC 
ANO 
INTO 
PROCESSOL" 


OUT 
OF PROCESSOR 
AND 
INTO 
FDC 
, 


I 
I 


I 
II 
I 
II 
I 
I II 


A I 
I 
0 1.1 • I 


REOUEST 
FOR 
MASTER 
(ROM} 


I 
I 
I 
I 
Wii --u 
I 
u 
I 
I 
I 


I 
I 
I I 


I . I • I 
1·1 


NOTES: 
00 - 
DATA 
REGISTER 
READY 
TO BE WRITTEN 
INTO 
BY PROCESSOR 


00 - 
DATA 
REGISTER 
NOT 
READY 
TO BE WRITTEN 
INTO 
BY PROCESSOR 


~ 
- 
DATA 
REGISTER 
READY 
FOR 
NEXT 
DATA 
BYTE 
TO BE READ 
BY THE 


PROCESSOR 


lID - 
DATA 
REGISTER 
NOT 
READY 
FOR 
NEXT 
DATA 
BYTE 
TO BE READ 
BY 
PROCESSOR 


The 8272 is capable of executing 
15 different 
com- 


mands. 
Each command 
is 
initiated 
by a multi-byte 


transfer from the processor, and the result after execu· 
tion of the command may also be a mUlti-byte transfer 


. back to the processor. Because of this multi-byte inter- 


change of information 
between the 8272 and the proc- 


essor, it is convenient to consider each command as 
consisting 
of three phases: 


Command Phase: The FDC receives all information 


required 
to perform 
a particular 


operation from the processor. 


Execution Phase: The FDC performs the operation it 


was instructed to do. 


Result Phase: 
After completion of the operation, 
status and other housekeeping in- 
formation 
are made available 
to 


the processor. 


During Command or Result Phases the Main Status 
Register (described earlier) must be read by the proc- 
essor before eacfl byte of information 
is written into or 


read from the Data Register. Bits 06 and 07 in the Main 
Status Register must be in a 0 and 1 state, respectively, 
before each byte of the command word may be written 
into the 8272. Many of the commands require mUltiple 
bytes. and as a result the Main Status Register must be 
read prior to each byte transfer to the 8272. On the other 
hand, during the Result Phase, 06 and 07 in the Main 
Status 
Register must both be 1's (06= 1 and 07= 1) 


before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each 
byte transfer to the 8272 is required in only the Com- 
mand and Result Phases, and NOT during the Execution 
Phase. 


During the Execution Phase, the Main Status Register 
need not be read. If the 8272 is in the Non·DMA Mode, 
then the receipt of each data byte (if 8272 is reading data 
from FDD) is indicated by an Interrupt signal on pin 18 
(INT = 1). The generation of a Read signal (RD= 0) will 
reset the Interrupt as well as output the Data onto the 
Data Bus. For example, if the processor cannot handle 
Interrupts fast enough (every 13 fJsfor MFM mode) then 
it may poll the Main Status Register and then bit 07 
(ROM) functions just like the Interrupt signal. If a Write 


Command is in process then the WR signal performs 
the reset to the Interrupt signal. 


If the 8272 is in the DMA Mode, no Interrupts are gener- 
ated during the Execution Phase. The 8272 generates 
ORO's (DMA Requests) when each 
byte of data 
is 


available. The OMA Controller responds to this request 
with both a DACK = 0 (DMA Acknowledge) and a RD= 0 
(Read signal). When the DMA Acknowledge signal goes 
low (DACK = 0) then the DMA Request is reset (ORO= 0). 
If a Write Command has been programmed then a WR 
signal will appear instead of RD. After the Execution 
Phase 
has 
been 
completed 
(Terminal 
Count 
has 


occurred) 
then an Interrupt 
will 
occur (INT = 1). This 


signifies 
the beginning of the Result Phase. When the 


first byte of data is read during the Result Phase, the In- 
terrupt is automatically 
reset (INT = 0). 


It is important to note that during the Result Phase all 
bytes shown in the Command Table must be read. The 
Read Data Command, for example, has seven bytes of 


1·149 
AFN-<)12S9B 


data in the Result Phase. All seven bytes must be read in 
order to successfully 
complete 
the Read Data Com- 
mand. The 8272 will not accept a new command until all 
seven bytes have been read. Other commands may re- 
quire fewer bytes to be read during the Result Phase. 


The 8272 contains 
five Status 
Registers. 
The Main 
Status 
Register mentioned 
above may be read by the 


processor at any time. The other four Status Registers 
(STO,ST1, ST2, and ST3) are only available during the 
Result Phase, and may be read only after successfully 
completing 
a command. The particular command which 


has been executed determines how many of the Status 
Registers will be read. 


The bytes of data which are sent to the 8272 to form the 
Command Phase, and are read out of the 8272 in the 
Result 
Phase, must occur 
in the order shown in the 


Command Table. That is, the Command Code must be 
sent first and the other bytes sent in the prescribed se- 
quence. No foreshortening 
of the Command or Result 
Phases are allowed. After the last byte of data in the 
Command 
Phase is sent 
to the 8272 the Execution 


Phase automatically 
starts. In a similar 
fashion, when 


the last byte of data is read out in the Result Phase, the 
command is automatically 
ended and the 8272 is ready 


for a new command. 
A command 
may be aborted 
by 


simply 
sending 
a Terminal 
Count 
signal 
to 
pin 
16 


(TC= 1).This is a convenient means of ensuring that the 
processor 
may always get the 8272's attention 
even if 


the disk system hangs up in an abnormal manner. 


POLLING 
FEATURE OF THE 8272 


After the Specify command has been sent to the 8272, 
the Drive Select Lines DSOand DS1 will automatically 
go into a polling mode. In between commands (and be- 
tween step pulses in the SEEK command) the 8272 polls 
all four FDDs looking for a change in the Ready line from 
any of the drives. If the Ready line changes state (usual- 
ly due to a door opening or closing) then the 8272 will 
generate an interrupt. 
When Status Register 0 (STO)is 


read (after Sense Interrupt Status is issued), Not Ready 
(NR) will be indicated. The polling of the Ready line by 
the 
8272 occurs 
continuously 
between 
instructions, 


thus notifying 
the processor which drives are on or off 


line. 


I 
DATA 
BUS 
I 


PHASE 
RIW 
D7 
D6 
Ds 
D4 
D3 
D2 
D, 
DO I 
REMARKS 


READ 
DATA 


Command 
W 
MT 
MFM 
SK 
0 
0 
1 , 
0 
Command Codes 


W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 


W 
C 
Sector 
ID information 
W 
H 
prior 
to Command 
W 
R 
execution 
W 
N 


W 
EDT 
W 
GPL 


W 
DTL 


Execution 
Data 
transfer 
between 
the 
FOD 


and 
main-system 


Result 
R 
STO 
Status 
information 


R 
ST, 
after 
Command 
R 
ST 2 
execution 


A 
C 
A 
H 
Sector 
10 information 


A 
A 
after 
command 
A 
N 
execution 


AEAD 
DELETED 
DATA 


Command 
W 
MT 
MFM 
SK 
0 , , 
0 
0 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 


W 
C 
Sector 
10 information 


W 
H 
prior 
to Command 


W 
A 
execution 


W 
N 
W 
EDT 
W 
GPL 
W 
OTL 


Execution 
Data 
transfer 
between 
the 
FDD 


and 
main-system 


Result 
A 
ST 0 
Status 
information 
A 
ST 1 
after 
Command 
A 
ST2 
execution 
A 
_____ 
C 


A 
H 
Sector 
ID information 
A 
A 
after 
Command 
A 
N 
execution 


Note: 
1. Symbols 
used 
In this 
table 
are described 
at the 
end 
of this 
section. 


2. 
Ao = 1 tor 
all operations. 


3. 
X = Don't 
care, 
usually 
made 
to equal 
binary 
O. 


I 
DATA 
BUS 


PHASE 
RIW 
~ 
08 
05 
04 
03 
D2 
01 
DO I REMARKS 


WAITE 
DATA 


Command 
W 
MT 
MFM 
0 
0 
0 
, 
0 
, 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS1 !OSO 


W 
C 
Sector 
10 information 


W 
H 
prior 
to Command 


W 
A 
execution 


W 
N 
W 
EDT 


W 


I 


GPL 


W 
OlL 


Execution 
Data 
transfer 


between 
the 
main- 
system 
and 
FOO 


Result 
A 
ST 0 
Status 
information 


A 
ST, 
after 
Command 


A 
ST 2 
execution 


A 
C 


A 
H 
Sector 
10 information 


A 
A 
after 
Command 


A 
N 
execution 


WRITE 
DELETED 
DATA 


Command 
W 
MT 
MFM 
0 
0 
, 
0 
0 , 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 


W 
C 
Sector 
10 information 
W 
H 
prior 
to Command 


W 
A 
execution 


W 
N 
W 
EDT 
_____ 


W 
GPL 
W 
OTL 


Execution 
Data 
transfer 
between 
the 
FOD 
and 
main-system 


Result 
A 
STO 
Status 
information 


A 
ST' 
after 
Command 


A 
ST 2 
execution 


A 
C 


A 
H 
Sector 
ID information 


A 
A 
after 
Command 


A 
N 
execution 


I 
DATA 
BUS 
I 
DATA 
BUS 
T 


PHASE 
RIW 
Dr 
De 
DS 
D. 
D3 
D2 
Dl 
DO 
REMARKS 
PHASE 
RIW 
Dr 
De 
DS 
D. 
D3 
D2 
D, 
DO 
REMARKS 


READ 
A TRACK 
SCAN 
LOW 
OR EQUAL 


Command 
W 
0 
MFM 
SK 
0 
0 
0 , 
0 
Command 
Codes 
Command 
W 
MT 
MFM 
SK , , 
0 
0 
1 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OSI 
OSO 
W 
0 
0 
0 
0 
0 
HOS 
OS, 
050 


W 
C 
Sector 10 Information 
W 
C 
Sector 
10 Information 


W 
H 
prior 10 Command 
W 
H 
prior Command 


W 
R 
execution 
W 
R 
execution 


W 
N 
W 
N 


W 
EOT 
W 
EOT 


W 
GPL 
W 
GPL 


W 
OTL 
W 
STP 


Execution 
Data transfer 
Execution 
Data 
compared 


between 
the 
FOD 
between 
the 
FOD 


.. 
and 
main·system. 
and main·system 


FOC 
reads 
all 
of 
cylinders 
contents 
Result 
R 
STO 
Status 
information 
from index hole to 
R 
ST, 
after 
Command 


EOT 
R 
ST 2 
execution 


R 
C 


Result 
R 
STO 
Status 
information 
R 
H 
Sector 
10 information 


R 
ST1 
after Command 
R 
R 
after 
Command 


R 
ST2 
execution 
R 
N 
execution 


R 
C 


SCAN 
HIGH 
DR EQUAL 
R 
H 
Sector 
10 information 


R 
R 
after 
Command 
Command 
W 
MT 
MFM 
SK , , , 
0 , 
Command 
Codes 


R 
N 
execution 
W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 


READ 
ID 
W 
C 
Sector 
10 information 


Command 
W 
0 
MFM 
0 
0 , 
0 , 
0 
Commands 
W 
H 
prior Command 
W 
R 
execution 
W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 
W 
N 


W 
EOT 
Execution 
The 
first 
correct 
10 
W 
GPL 


information 
on the 
W 
STP 


Cylinder 
is stored 
in 


Data 
Register 
Execution 
Data 
compared 
between 
the 
FOO 
Result 
R 
STO 
Status 
information 
and 
main-system 


R 
ST' 
after 
Command 
R 
ST2 
execution 
Result 
R 
STO 
Status 
information 


R 
C 
R 
ST' 
after 
Command 


R 
H 
Sector 
10 information 
R 
ST 2 
execution 


R 
R 
during 
Execution 
R 
C 


R 
N 
Phase 
R 
H 
Sector 
10 information 


R 
R 
after 
Command 


FORMAT 
A TRACK 
R 
N 
executlon 


Command 
W 
0 
MFM 
0 
0 , , 
0 
1 
Command 
Codes 
RECALIBRATE 


W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 


W 
N 
Bytes/Sector 
Command 
W 
0 
0 
0 
0 
0 
1 , , 
Command 
Codes 


W 
SC 
Sectors/Cylinder 
W 
0 
0 
0 
0 
0 
0 
OS1 
DSO 


W 
GPL 
Gap 
3 
Execution 
Head 
retracted 
to 


W 
0 
Filler 
Byte 
Track 
a 


Execution 
FOC 
formals 
an 
SENSE 
INTERRUPT 
STATUS 


entire 
cylinder 
Command 
W 
0 
0 
0 
0 , 
0 
0 
0 
Command 
Codes 


Result 
R 
STO 
Status 
information 
Result 
R 
STO 
Status 
information 
8t 


R 
ST' 
after 
Command 
R 
PCN 
the 
end 
of each 
seek 


R 
ST 2 
execution 
operation 
about 
the 


R 
C 
FDC 


R 
H 
In this 
case, 
the 
10 
R 
R 
information 
has 
no 
SPECIFY 


R 
N 
meaning 
Command 
W 
0 
0 
0 
0 
0 
0 , , 
Command 
Codes 


SCAN 
EQUAL 
W 
_ 
SRT ___ 
._ 
HUT - 
W 
HLT 
• NO 
Command 
W 
MT 
MFM 
SK , 
0 
0 
0 , 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 
SENSE 
DRIVE 
STATUS 


W 
C 
Sector 
10 information 
Command 
W 
0 
0 
0 
0 
0 , 
0 
0 
Command 
Codes 


W 
H 
prior 
to Command 
W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 
W 
R 
execution 


W 
N 
Result 
R 
ST 3 
Status 
information 


W 
EOT 
about 
FOO 


W 
GPL 


W 
STP 
SEEK 


Command 
W 
0 
0 
0 
0 , 
1 
1 
1 
Command 
Codes 


Execution 
Data 
compared 
W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 


between 
the 
FOO 
and 
main-system 
W 
NCN 


Result 
R 
STO 
Status 
Information 
Execution 
Head 
is positioned 


R 
ST, 
after 
Command 
over 
proper 
Cylinder 


R 
ST 2 
execution 
on 
Diskette 


R 
C 


R 
H 
Sector 
10 information 
INVALID 


R 
R 
after 
Command 
Command 
W 
____ 
Invalid 
Codes 
____ 
Invalid 
Command 


R 
N 
execution 
Codes 
(NoOp- 
FDC 


goes 
into 
Standby 


State) 


Result 
R 
STO 
STO=80 


('6) 


inter 


SYMBOL 
NAME 
DESCRIPTION 


Ao 
Address 
Line 
0 
Ao controls 
selection 
of Main 
Status 
Register 
(AO=O) 
or Data 
RegIster 
(AO= 
1). 


C 
Cylinder 
Number 
C stands 
for 
the 
current 
selected 
Cylinder 
track 
number 
0 through 
76 of the 
medium. 


D 
Data 
o stands 
for 
the 
data 
pattern 
which 
Is 
going 
to be written 
Into 
a Sector. 


DrDo 
Data 
Bus 
a·bit Data 
Bus 
where 
07 Is the 
most 
significant 
bit, and 
DO Is the 
least 
slgnlfl· 


cant 
bit. 


Doo,DS1 
Drive 
Select 
OS stands 
for 
a selected 
drive 
number 
0 


or1. 


DTL 
Data length 
When 
N Is defined 
as 00, DlL 
stands 
for 


the 
data 
length 
which 
users 
are 
going 
to 


read 
out 
or write 
Into 
the 
Sector. 


EDT 
End 
of Track 
EOT stands 
tor 
the 
final 
Sector 
number 
of 


a Cylinder. 


GPL 
Gap length 
GPL 
stands 
for 
the 
length 
of Gap 
3 
(spacing 
between 
sectors 
excluding 
VCO 
Sync 
Field). 


H 
Head 
Address 
H stands 
for 
head 
number 
0 or 1, as 


specifIed 
In 10 field. 


HDS 
Head 
Select 
HOS 
stands 
for 
a selected 
head 
number 
0 


or 1 (H = HOS 
In all command 
words). 


HLT 
Head 
Load 
Time 
HLT 
stands 
for 
the 
head 
load 
time 
In the 
FOD 
(2 to 254 ms 
in 2 ms 
incre'Tlents). 


HUT 
Head 
Unload 
Time 
HUT 
stands 
for 
the 
head 
unload 
time 
after 


a read 
or write 
operation 
has occurred 
(16 


to 240ms 
In 16ms 
Increments). 


MFM 
FM 
or MFM 
Mode 
If MF 
Is low, 
FM 
mode 
is selected 
and 
If 
It Is high, 
MFM 
mode 
Is selected. 


MT 
Multi-Track 
If MT is high, 
a multi-track 
operation 
Is to 
be performed 
(a cylinder 
under 
both 
HDO 
and 
H01 
wlii 
be read 
or written). 


N 
Number 
N stands 
for 
the 
number 
of data 
bytes 
written 
In a Sector. 


During the Command Phase, the Main Status Register 
must be polled by the CPU before each byte is written 
into the Data Register. The 010 (DB6) and ROM (DB7) 
bits in the Main Status Register must be in the "0" and 
"1" states respectively, 
before each byte of the com- 
mand may be written into..the 8272. The beginning of the 
execution phase for any of these commands will cause 
010 and ROM to switch to "1" and "0" states respective- 
ly. 


SYMBOL 
NAME 
DESCRIPTION 


NCN 
New 
Cylinder 
Number 
NCN 
stands 
for 
a new 
Cylinder 
number. 


which 
Is going 
to be reached 
as a result 


of the 
Seek 
operation. 
Desired 
position 
of 


Head. 


NO 
Non-DMA 
Mode 
NO stands 
for 
operation 
In the 
Non-DMA 


Mode. 


PCN 
Present 
Cylinder 
PCN 
stands 
for 
the 
Cylinder 
number 
at 


Number 
the 
completion 
of SENSE 
INTERRUPT 


STATUS 
Command. 
Position 
of Head 
at 


present 
time. 


A 
Record 
R stands 
for 
the 
Sector 
number, 
which 
will 
be read 
or written. 


A/W 
Read/Write 
R/W 
stands 
for 
either 
Read 
(R) or Write 
(W) signal. 


SC 
Sector 
SC indicates 
the 
number 
of Sectors 
per 


Cylinder. 


SK 
Skip 
SK stands 
for 
Skip 
Deleted 
Data 
Address 


Mark. 


SAT 
Step 
Rate 
Time 
SRT stands 
for 
the Stepping 
Rate 
for the 


FDD (1 to 16 ms in 1 ms increments). 
The 


same 
Stepping 
Rate 
applies 
to all drives 


(F=1 
ms, E=2 
ms, etc.). 


STO 
Status 
0 
ST 0-3 stand 
for 
one 
of four 
registers 


ST 1 
Status 
1 
which 
store 
the 
status 
Information 
after 


ST 2 
Status 
2 
a command 
has 
been 
executed. 
This 


ST 3 
Status 
3 
Information 
is available 
during 
the 
result 


phase 
after 
command 
execuJion. 
These 


registers 
should 
not 
be confused 
with 
the 


main 
status 
register 
(selected 
by AO = 0). 


ST 0-3 
may 
be read 
only 
after 
a command 


has been 
executed 
and 
contain 
information 


relevant 
to that 
particular 
command. 


STP 
During 
a Scan 
operation, 
If STP_1, 
the 
data 
in contiguous 
sectors 
Is compared 


byte 
by byte 
with 
data 
sent 
from 
the 


processor 
(or 
DMA), 
and 
/f STP = 2, then 
. 
alternate 
sectors 
are 
read 
and 
compared 
. 


compares with the sector number read off the diskette, 
then the FDC outputs data (from the data field) byte-by- 
byte to the main system via the data bus. 


After completion 
of the read operation from the current 


sector, the Sector Number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous 
read function 
is called 
a 
"Multi-Sector 
Read Operation." 
The Read Data Com- 


mand may be terminated 
by the receipt of a Terminal 


Count signal. Upon receipt of this signal, the FDC stops 
outputting 
data to the processor, but will continue 
to 


read data from the current sector, check CRC (Cyclic 
Redundancy Count) bytes, and then at the end of the 
sector terminate the Read Data Command. 


A set of nine (9) byte words are required to place the 
FDC into the Read Data Mode. After the Read Data com- 
mand has been Issued the FDC loads the head (if it is in 
the unloaded state), waits the specified 
head settling 
The amount of data which can be handled with a single 
time (defined 
in the Specify 
Command), and begins 
command to the FDC depends upon MT (multi-track), 


reading ID Address Marks and ID fields. When the cur- 
MFM (MFM/FM), and N (Number of Bytes/Sector). Table 4 
rent sector number ("R") stored in the ID'Register (IDR) 
below shows the Transfer Capacity, 


Table 4. Transfer 
Capacity 


Multl·Track 
MFMlFM 
BytellSector 
Maximum 
Transter 
Capacity 
Final 
Sector 
Read 
MT 
MFM 
N 
(Bytes/Sector) 
(Number 
of Sectors) 
from 
Diskette 


0 
0 
00 
(128)(261= 
3.328 
26 at Side 
0 
0 
1 
01 
(256)(26) 
= 
6.656 
or 26 at Side 
1 


1 
0 
00 
(128)(52) 
= 
6,656 
1 
, 
01 
(256) (52)= 
13,312 
26 at Side 
1 


0 
0 
01 
(256) (15) = 
3,840 
15 at Side 
0 
0 
1 
02 
(512)(15)= 
7,680 
or 15 at Side 
1 


1 
0 
0' 
(256)(30) 
= 
7,680 


15 at Side 
1 
1 
1 
02 
(512)(301= 
15,360 


0 
0 
02 
(512)(8) 
= 
4,096 
8 at Side 
0 
0 
1 
03 
(1024)(81 
= 
8,192 
or 8 at Sld~ 
1 


1 
0 
02 
(512)(161= 
8,192 


6 at Side 
1 
1 
1 
03 
(1024)(16)= 
16,384 


inter 


The "multi-track" 
function (MT) allows the FOC to read 


data from both sides of the diskette. 
For a particular 


cylinder, 
data will be transferred 
starting 
at Sector 1, 
Side 0 and completing at Sector L, Side 1 (Sector L = last 
sector on the side). Note, this function 
pertains to only 


one 
cylinder 
(the same track) 
on each side 
of 
the 


diskette. 


When N = 0, then OTL defines the data length which the 
FOC must treat as a sector. If OTL is smaller than the ac· 
tual data length in a Sector, the data beyond OTL in the 
Sector, is not sent to the Data Bus. The FOC reads (inter- 
nally) the complete Sector performing 
the CRC check, 
and depending 
upon the manner of command termina- 
tion, may perform a Multi·Sector Read Operation. When 
N is non-zero, then OTL has no meaning and should be 
set to OFFH. 


At the completion 
of the Read Data Command, the head 


is not unloaded until after Head Unload Time Interval 
(specified 
in the Specify Command) has elapsed. If the 


processor 
issues another 
command 
before the head 


unloads then the head settling 
time may be saved be- 
tween subsequent 
reads. This time out is particularly 


valuable when a diskette 
is copied from one drive to 


another. 


If the FOC detects the Index Hole twice without finding 
the right sector, (indicated 
in "R"), then the FOC sets 


the NO (No Data) flag in Status Register 1 to a 1 (hi9h), 
and 
terminates 
the 
Read 
Data 
Command. 
(Status 


Register 0 also has bits 7 and 6 set to 0 and 1 respective- 
ly.) 


After reading the 10 and Data Fields in each sector, the 
FOC checks the CRC bytes. If a read error is detected 
(incorrect CRC in ID field), the FOC sets the DE (Data Er- 
ror) flag in Status Register 1 to a 1 (high), and if a CRC er- 
ror occurs in the Data Field the FOC also sets the DO 
(Data Error in Data Field) flag in Status Register 2 to a 1 
(high), and terminates the Read Data Command. (Status 
Register 0 also has bits 7 and 6 set to 0 and 1 respec- 
tively.) 


If the FOC reads a Deleted Data Address Mark off the 
diskette, 
and the SK bit (bit 05 in the first Command 


Word) is not set (SK = 0), then the FOC sets the CM (Con- 
trol Mark) flag in Status Register 2 to a 1 (high), and ter- 
minates the Read Data Command, after reading all the 
data in the Sector. If SK= 1, the FOC skips the sector 
with the Deleted Data Address Mark and reads the next 
sector. 


During disk data transfers 
between the FOC and the 


processor, via the data bus, the FOC must be serviced 
by the processor every 27 I's in the FM Mode, and every 
131's in the MFM Mode, or the FOC sets the OR (Over 
Run) flag in Status 
Register 
1 to a 1 (high), and ter- 


minates the Read Data Command. 


If the processor terminates a read (or write) operation in 
the FOC, then the 10 Information 
in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 5 shows the values for C, H, R, and N, when the 
processor terminates the Command. 


Table 5. 10 Information When Processor 


Terminates Command 


Final Sector Trllnat.rred to 
10 Information at A.aull 
Phil •• 


MT 
EOT 
Proc•• eor 
C 
H 
R 
N 


1A 
$ector 
1 to 25 at Side 0 


OF 
Sector 1 to 14 at Side 0 
HC 
HC 
R+1 
HC 
08 
Sector 1 to 7 at Side 0 


1A 
Sector 26 at Side 0 


OF 
Sector 15 at Side 0 
C+1 
HC 
R=01 
HC 


08 
Sector 8 at Side 0 


0 
1A 
Sector 
1 to 25 at Side 
1 


OF 
Sector 
1 to 
14 at Side 
1 
HC 
HC 
R+1 
HC 


08 
Sector 
1 to 7 at Side 
1 


1A 
Sector 26 at Side 1 
OF 
Sector 
15 at Side 
1 
C+1 
HC 
R=01 
HC 


08 
Sector 
8 at Side 
1 


1A 
Sector 
1 to 25 at Side 
0 
OF 
Sector 
1 to 
14 at Side 
0 
HC 
HC 
R+1 
HC 


08 
Sector 
1 to 7 at Side 
a 


1A 
Sector 26 at Side 0 


OF 
Sector15 
al Side 
0 
HC 
LSB 
R=01 
HC 


08 
Sector 
8 at Side 
0 


1 
1A 
Sector 
1 to 25 at Side 
1 
OF 
Sector 
1 to 14 at Side 
1 
HC 
HC 
R+1 
HC 
08 
Sector 
1 to 7 at Side·' 


1A 
Sector 
26 at Side 
1 


OF 
Sector 
15 at Side 
1 
C+1 
LSB 
R=01 
HC 


08 
Sector 
8 at Side 
1 


Notes: 
1. 
NC (No Change): 
The same 
value 
as the one at the beginning 
of command 


execution. 


2. 
LSB 
(Least 
SignifIcant 
Bit): 
The 
least 
significant 
bit 
of 
H Is 


complemented. 


WRITE DATA 


A set of nine (9) bytes are required to set the FOC into 
the Write Data mode. After the Write Data command has 
been issued the FOC loads the head (if it is in the 
unloaded state), waits the specified 
head settling 
time 


(defined in the Specify Command), and begins reading 
10 Fields. When the current sector number ("R"), stored 
in 
the 
10 Register 
(lOR) compares 
with 
the 
sector 


number read off the diskette, 
then the FOC takes data 


from the processor byte-by-byte via the data bus, and 
outputs 
it to the FOO. 


After 
writing 
data into the current 
sector, the Sector 


Number stored in "R" is incremented 
by one, and the 


next data field is written 
into. The FOC continues 
this 


"Multi-Sector 
Write Operation" 
until the issuance of a 


Terminal Count signal. If a T'erminal Count signal is sent 
to the FOC it continues writing into the current sector to 
complete the data field. If the Terminal Count signal is 
received while a data field is being written then the re- 
mainder of the data field is filled with 00 (zeros). 


The FOC reads the ID field of each sector and checks 
the CRC bytes. If the FOC detects a read error (incorrect 
CRG) in one of the 10 Fields, it sets the DE (Data Error) 
flag of Status Register 1 to a 1 (high), and terminates the 
Write Data Command. (Status Register 0 also has bits 7 
and 6 set to 0 and 1 respectively.) 


The Write Command operates in much the same manner 
as the Read Cbmmand. The following 
items are the 


same; refer to the Read Data Command for details: 


• Transfer Capacity 
• 
EN (End of Cylinder) Flag 
• 
NO (No Data) Flag 


inter 


• 
Head Unload Time Interval 
• 10 Information 
when the processor terminates 
com- 


mand (see Table 2) 


• 
Definition 
of DTL when N = 0 and when N#-O 


In the Write Data mode, data transfers between the proc- 
essor and FDC must occur every 31 ".s in the FM mode, 
and every 15 ".s in the MFM mode. If the time interval 
between data transfers is longer than this then the FDC 
sets the OR (Over Run) flag in Status. Register 1 to a 1 
(high), and terminates 
the Write Data Command. 


This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written 
at the 


beginning of the Data Field instead of the normal Data 
Address Mark. 


READ DELETED DATA 


This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark 
at the beginning of a Data Field (and SK= 0 (low», it will 
read all the data in the sector and set the CM flag in 
Status Register 2 to a 1 (high), and then terminate the 
command. If SK= 1, then the FDC skips the sector with 
the Data Address Mark and reads the next sector. 
' 


READ A TRACK 


This 
command 
is similar 
to READ DATA Command 


except that the entire data field is read continuously 
from each of the sectors of a track. Immediately 
after 
encountering 
the INDEX HOLE, the FDC starts reading 


all data fields on the track as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check 
bytes, it continues 
to read data from the track. The FDC 


compares the ID information 
read from each sector with 


the value stored 
in the lOR, and sets the NO flag of 
Status Register 1 to a 1 (high) if there is no comparison. 
Multi·track 
or skip operations are not allowed with this 


command. 


This command terminates when EOT number of sectors 
have been read. If the FDC does not find an 10 Address 
Mark on the diskette 
after 
it encounters 
the INDEX 


HOLE for the second time, then it sets the MA (missing 
addr~ss mark) flag in Status Register 1 to a 1 (high), and 
terminates 
the command. (Status Register 0 has bits 7 


and 6 set to 0 and 1 respectively.) 


READID 


The READ 10Command is used to give the present posi- 
tion of the recording head. The FDC stores the values 
from the first ID Field it is able to read. If no proper 10 
Address Mark is found on the diskette, 
before the IN- 


DEX HOLE is encountered for the second time then the 
MA (Missing Address Mark) flag in Status Register 1 is 
set to a 1(high), and if no data is found then the ND (No 
Data) flag is also set in Status Register 1 to a 1 (high) 
and the command is terminated. 


FORMAT A TRACK 


The Format Command allows an entire track to be for- 
matted. After the INDEX HOLE is detected, Data is writ- 
ten on the Diskette: Gaps, Address Marks, 10 Fields and 
Data Fields, all per the IBM System 34 (Double Density) 
or System 3740 (Single Density) Format are recorded. 
The particular format which will be written is controlled 
by the values programmed into N (number of bytes/sec- 
tor), SC (sectors/cylinder), 
GPL (Gap Length), and D 


(Data Pattern) which are supplied by the processor dur- 
ing the Command Phase. The Data Field is filled with 
the Byte of data stored in D.The ID Field for each sector 
is supplied by the processor; that is, four data requests 
per sector are made by the FDC for C (Cylinder N'umber), 
H (Head Number), R (Sector Number) and N (Number of 
Bytes/Sector). This allows the diskette 
to be formatted 


with nonsequential 
sector numbers, if desired. 


After formatting 
each sector, the processor must send 


new values for C, H, R, and N to the 8272 for each sector 
on the track. 
The contents 
of the 
R register 
is in- 


cremented by one after each sector is formatted, 
thus, 


the R register contains a value of R+ 1 when it is read 
during the Result Phase. This incrementing 
and format- 
ting continues 
for the whole track until 
the FDC en- 


counters the INDEX HOLE for the second time, where- 
upon it terminates the command. 


If a FAULT signal is received from the FDD at the end of 
a write 
operation, 
then the FDC sets the EC flag of 


Status Register 0 to a 1 (high), and terminates the com- 
mand after setting bits 7 and 6 of Status Register 0 to 0 
and 1 respectively. Also the loss of a READY signal at 
the beginning 
of a command execution 
phase causes 


command termination. 


Table 6 shows the relationship between N, SC, and GPL 
for various sector sizes: 


FORMAT 
SECTOR SIZE 
N 
SC 
GPL' 
GPL2 
REMARKS 


128 bytes/Sector 
00 
'-'('6) 
07(16) 
18(16) 
IBM 
Diskette 
1 
FM Mode 
256 
01 
OF(16) 
OE(16) 
2A('6) 
IBM Diskette 
2 
5'2 
02 
06 
'8(16) 
3-'('6) 


1024 byteS/Sector 
03 
04 
- 
- 


FM Mode 
2048 
04 
02 
- 
- 
4096 
05 
0' 
- 


256 
0' 
'~'6) 
OE(16) 
36('6) 
IBM 
Diskette 
20 


5'2 
02 
OF(16) 
'8('6) 
54('6) 


MFMMode 
1024 
03 
06 
35('6) 
74('6) 
IBM 
Diskette 
20 


2048 
04 
04 
- 
- 
4096 
05 
02 
- 
- 
8192 
06 
0' 
- 
- 


Note: 
1. Suggested 
valu,es of GPl in Read or Write 
Commands 
to avoid 
splice 
point 


between 
data 
fIeld 
and 
10 field 
of contiguous 
sections. 


2. 
Suggested 
values 
of GPL 
in format 
command. 


inter 


SCAN COMMANDS 


The SCAN Commands 
allow 
data which 
is being read 


from the diskette 
to be compared 
against data which is 


being 
supplied 
from 
the 
main 
system 
(Processor 
in 


NON-DMA 
mode, and DMA Controller 
in DMA m9de). 
The FDC compares the data on a byte-by-byte 
basis, and 


looks for a sector of data which meets the conditions 
of 


DFOO= Dprocessor,DFOO" Dprocesso,"or DHio ;;. Dprocessor· 
Ones complement 
arithmetic 
is used for comparison 


(F.F= largest 
number, 
00 = smallest 
nl:!mber). After 
a 


whole sector of data is compared, 
if the conditions 
are 


not met, the sector 
number is incremanted 
(R+ STP -+ 
R), and the scan operation 
is continued. 
The scan opera- 


tion continues 
until one of the following 
conditions 
oc- 


cur; the conditions 
for scan are met (equal, low, or high), 
the last sector on the track is reat:hed (EOT), or the ter- 
minal count signal is received. 


If the conditions 
for scan are met then the FDC sets the 


SH (Scan Hit) flag of Status Register 2 to a 1 (high), and 
terminates 
the Scan Command. 
If the conditions 
for 


scan 
are 
not 
met 
between 
the 
starting 
sector 
(as 


specified 
by R) and the last sector on the cylinder 
(EOT), 
then the FDC sets the SN (Scan Not Satisfied) 
flag of 


Status Register 2 to a 1 (high), and terminates 
the Scan 


Command. 
The receipt 
of a TERMINAL 
COUNT signal 


from the Processor 
or DMA Controller 
during 
the scan 
operation 
will 
cause 
the 
FDC to complete 
the 
com- 


parison 
of the particular 
byte which 
is in process, 
and 


then 
to terminate 
the 
command. 
Table 
7 shows 
the 


status 
of bits SH and SN under various 
conditions 
of 


SCAN. 


STATUS 
REGISTER 
2 


COMMAND 
BIT2_SN 
BIT3 •• SH 
COMMENTS 


Scan 
Equal 
0 
1 
DFOD = Dprocessor 


1 
0 
DFDD =I:Dprocessor 


0 
1 
DFDD= Dprocessor 
Scan Low or Equal 
0 
0 
0FDD < Dprocessor 


1 
0 
DFDDi Dprocessor 


0 
1 
DFDD = 0processor 
Scan 
High 
or Equal 
0 
0 
DFOD > 0processor 


1 
0 
0FDD ~ 0processor 


If the FDC ehcounters 
a Deleted Data Address 
Mark on 


one of the sectors 
(and SK = 0), then it regards the sec- 


tor as the last sector on the cylinder, 
sets CM (Control 


Mark) flag of Status 
Register 
2 to a 1 (high) and ter- 


minates the command. 
If SK= 1, the FDC skips the sec- 


tor with the Deleted Address 
Mark, and reads the next 


sector. In the second case (SK = 1), the FDC sets the CM 
(Control 
Mark) flag of Status 
Register 
2 to a 1 (high) in 


order 
to 
show 
that 
a Deleted 
Sector 
had 
been 
en- 
countered. 


When either 
the STP (contiguous 
sectors 
STP = 01, or 


alternate 
sectors 
STP = 02 sectors 
are read) or the MT 


(Multi-Track) 
are 
programmed, 
it 
is 
necessary 
to 


remember that the last sector on the track must be read. 
For 
example, 
if 
STP = 02, 
MT = 0, 
the 
sectors 
are 


numbered 
sequentially 
1 through 
26, and we start the 


Scan Command 
at sector 21; the following 
will happen. 


Sectors 21, 23, and 25 will be read, then the next sector 
(26) will 
be skipped 
and 
the 
Index 
Hole 
will 
be en- 


countered 
before the EOT value of 26 can be read. This 


will result in an abnormal 
termination 
of the command. 


If the EOT had beim set at 25 or the scanning 
started at 


sector 20, then the Scan Command would be completed 
in a normal manner. 


During the Scan Command data Is supplied 
by either the 


processor or DMA Controller 
for comparison 
against the 


data read from the diskette. 
In order to avoid having the 


OR (Over Run) flag set In Status 
Register 
1, it is nec- 


essary to have the data available 
in less than 27 "'s (FM 


Mode) or 13 "'s (MFM Mode). If an Overrun occurs 
the 


FDC terminates 
the command. 


SEEK 


The 
read/write 
head within 
the 
FDD is moved 
from 


cylinder 
to cylinder 
under control of the Seek Command. 


The FDC compares 
the PCN (Present Cylinder 
Number) 


which 
is the current 
head position 
with the NCN (New 


Cylinder 
Number), and performs the following 
operation 


if there is a difference: 


PCN < NCN: Direction 
signal to FDD set to a 1 (high), 


and Step Pulses are issued. (Step In.) 


PCN > NCN: Direction 
signal to FDD set to a 0 (low), 


and Step Pulses are issued. (Step Out.) 


The rate at which Step Pulses are issued is controlled 
by 


SRT (Stepping 
Rate Time) in the SPECIFY Command. 


After 
each 
Step 
Pulse 
is 
issued 
NCN 
is compared 


against 
PCN, and when NCN = PCN, thEm the SE (Seek 


End) flag is set in Status Register 0 to a 1 (high), and the 
command 
is terminated. 


During the Command 
Phase of the Seek operation 
the 


FDC is in the FDC BUSY state, but during the Execution 
Phase it is in the NON BUSY state. While the FDC is in 
the NON BUSY state, another 
Seek Command 
may be 


issued, and in this manner parallel seek operations 
may 


be done on up to 4 Drives at once. 


If an FDD is in a NOT READY state at the beginning 
of 


the command execution 
phase or during the seek opera- 


tion, 
then 
the NR (NOT READY) flag 
is set In Status 


Register 0 to a 1 (high), and the command 
is terminated. 


inter 


RECALIBRATE 


This 
command 
causes 
the read/write 
head within 
the 


FDD to retract 
to the Track 0 position. 
The FDC clears 


the contents 
of the PCN counter, and checks the status 


of the Track 0 signal from the FDD. As long as the Track 
o signal is low, the Direction 
signal remains 1 (high) and 


Step Pulses are issued. When the Track 0 signal 
goes 


high, the SE (SEEK END) flag in Status Register 0 is set 
to a 1 (high) and the command 
is terminated. 
If the Track 


o signal 
is still 
low after 
77 Step 
Pulses 
have been 


issued, the FDC sets the SE (SEEK END) and EC (EQUIP- 
MENT CHECK) flags 
of Status 
Register 
0 to both 
1s 


(highs), and terminates 
the command. 


The 
ability 
to 
overlap 
RECALIBRATE 
Commands 
to 


multiple 
FDDs, and the loss of the READY signal, 
as 


described 
in the SEEK Command, 
also applies 
to the 


RECALIBRATE 
Command. 


SENSE INTERRUPT STATUS 


An Interrupt 
signal 
is generated 
by the FDC for one of 


the following 
reasons: 


1. Upon entering 
the Result Phase of: 
a. Read Data Command 
b. Read a Track Command 
c. Read ID Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. 
Format a Cylinder 
Command 


g. Write Deleted Data Command 
h. Scan Commands 


2. Ready Line of FDD changes 
state 


3. End of Seek or Recalibrate 
Command 


4. During Execution 
Phase in the NON-DMA Mode 


Interrupts 
caused by reasons 1 and 4 above occur during 


normal command 
operations 
and are easily discernible 


by 
the 
processor. 
However, 
interrupts 
caused 
by 


reasons 2 and 3 above may be uniquely 
identified 
with 


the aid of the Sense Interrupt 
Status 
Command. 
This 


command 
when issued 
resets the interrupt 
signal 
and 


via bits 5, 6, and 7 of Status 
Register 
0 identifies 
the 


cause of the interrupt. 


SEEKEND 
INTERRUPTCODE 
BIT 5 
BIT6 
BITT 
CAUSE 


0 
1 
1 
Ready Line changed 
state, either polarity 


1 
0 
0 
Normal Termination 
of Seek or Recalibrate 
Command 


1 
1 
0 
Abnormal Termination of 
Seek or Recalibrate 
Command 


Neither the Seek or Recalibrate 
Command have a Result 


Phase. Therefore, 
it is mandatory to use the Sense Inter- 


rupt Status 
Command 
after these commands 
to effec- 


tively terminate 
them and to provide verification 
of the 


head position 
(PCN). 


SPECIFY 


The Specify Command sets the initial values for each of 
the three internal 
timers. 
The HUT (Head Unload Time) 


defines the time from the end of the Execution 
Phase of 


one of the ReadlWrite 
Commands 
to the head unload 


state. This timer is programmable 
from 16 to 240 ms in 


increments 
of 16 ms (01 = 16 ms, 02= 32 ms .... 
OF = 
240 ms). The SRT (Step Rate Time) defines 
the time in- 


terval between 
adjacent 
step pulses. This timer 
is pro- 


grammable 
from 1 to 16 ms in increments 
of 1 ms (F = 1 


ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time) 
defines 
the time 
between 
when the Head Load signal 


goes 
high and when the Read/Write 
operation 
starts. 


This 
timer 
is programmable 
from 
2 to 254 ms in in- 


crements 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms .... 


FE= 254 ms). 


The time intervals mentioned 
above are a direct function 
of the clock (CLK on pin 19). Times indicated 
above are 


for an 8 MHz clock, 
if the clock was reduced to 4 MHz 


(mini·floppy 
application) 
then all time 
intervals 
are in- 


creased by a factor of 2. 


The choice 
of DMA or NON-DMA operation 
is made by 


the ND (NON-DMA) bit. When this bit is high (ND = 1) the 
NON-DMA mode is selected, 
and when ND = 0 the DMA 


mode is selected. 


SENSE DRIVE STATUS 


This command 
may be used by the processor 
whenever 


it wishes 
to obtain 
the 
status 
of 
the 
FDDs. 
Status 


Register 3 contains 
the Drive Status 
information. 


INVALID 


If an invalid 
command 
is sent to the FDC (a command 
not defined above), then the FDC will terminate 
the com- 


mand. No interrupt 
is generated 
by the 8272 during this 


condition. 
Bit 6 and bit 7 (DIO and RQM) in the Main 


Status 
Register 
are both 
high ("1") 
indicating 
to the 


processor 
that the 8272 is in the Result Phase and the 


contents 
of Status Register 0 (STO) must be read. When 


the processor 
reads Status 
Register 0 it will find a 80H 


indicating 
an invalid command 
was received. 


A Sense Interrupt 
Status Command 
must be sent after a 


Seek or Recalibrate 
interrupt, 
otherwise 
the FDC will 
consider 
the next command 
to be an Invalid Command. 


In some applications 
the user may wish to use this com- 


mand as a No-Op command, to place the FDC in a stand· 
by or no operation 
state. 


NO. 
NAME 
SYMBOL 
DESCRI~IIV" 


STATUS 
REGISTER 
0 


07 
Interrupt 
IC 
D7=Oand 
06=0 
Code 
Normal 
Termination 
of Command, 


(NT). Command 
was completed 
and 
properly 
executed. 


06 . 
07=0 
and 06= 
1 
Abnormal 
Termination 
of Com- 
mand, 
(AT). Execution 
of Command 
was started, 
but was not 
successfully 
completed. 


1- 
07=1 
and 06=0 
Invalid 
Command 
issue, (IC). 


Command 
which 
was issued 
was 
never started. 


07= 
1 and 06= 
1 
Abnormal 
Termination 
because 
during 
command 
execution 
the 
ready 
signal 
from 
FDD changed 
state. 


05 
Seek End 
SE 
When the FDC completes 
the 
SEEK Command, 
this flag is set to 1 


(high). 


0_ 
Equipment 
EC 
If a fault Signal is received from the 
Check 
FOO, or if the Track 0 Signal fails to 
occur after 77 Step Pulses (Recall- 
brate Command) then this flag is set. 


03 
Not Ready 
NR 
When 
the FDD is in the not-ready 


state and a read or write 
command 
is 
issued, this flag is set. If a read or 
write 
command 
is issued 
to Side 1 


of a single sided drive, then this flag 
is set. 


O2 
Head 
HD 
This flag is used to indicate 
the 


Address 
state of the head at Interrupt. 


0, 
Unit Select 1 
US, 
These flags are used to indicate 
a 


Do 
Unit Select 0 
US 0 
Drive Unit Number at Interrupt 


STATUS 
REGISTER 
1 


07 
End of 
EN 
When the FDC tries to access a 
Cylinder 
Sector beyond the final Sector of a 
Cylinder, 
this flag is set. 


06 
Not used. This bit is always 0 (low). 


05 
Data Error 
DE 
When 
the FDC detects 
a CRC error 
in either the ID field or the data field, 
this 
flag is set. 


D_ 
Over Run 
OR 
If the FDC is not serviced 
by the 
main-systems 
during data transfers, 


within 
a certain 
time interval, this 
flag is set. 


03 
Not used. This bit always 
0 (low). 


O2 
No Data 
NO 
During execution 
of READ DATA, 


WRITE 
DELETED 
DATA or SCAN 
Command, 
if the FDC canr10t find 
the Sector specified 
in the IDR 
Register, this flag is set. 


During executing 
the READ 10 Com· 


mand, if the FDC cannot read the 
10 field without 
an error, then this 
flag is set. 


During the execution 
of the READ A 
Cylinder 
Command, 
if the starting 
sector cannot be found, then this 
flag is set. 


N°·1 
NAME 
I SYMIIOL I 


STATUS 
REGISTER 
1 (CONT.) 


0, 
Not 
NW 
During 
execution 
of WRITE 
DATA, 


Writable 
WRITE 
DELETED 
DATA or Format 
A 


Cylinder 
Command, 
if the FDC 


detects 
a write protect 
signal from 
the FDD, then this 
flag is set. 


Do 
Missing 
MA 
If the FDC cannot 
detect 
the 10 
Address 
Address 
Mark after encountering 
the 


Mark 
index hole twice, then this flag is set. 


If the FDC cannot 
detect 
the Data 


Address 
Mark or Deleted 
Data 


Address 
Mark, this flag is set. Also 


at the same time, the MD (Missing 
Address 
Mark 
in Data Fieid) 
of 


Status 
Register 2 is set. 


STATUS 
REGISTER 
2 


07 
Not used. This 
bit is always 
0 (low). 


06 
Control 
CM 
During executing 
the READ DATA or 


Mark 
SCAN 
Command, 
if the FDC 


encounters 
a Sector which contains 


a Deleted Data Address 
Mark, this 


flag is set. 


05 
Data Error in 
DO 
If the FDC detects 
a CRC error in 


Data Field 
the data field then this flag is set. 


0_ 
Wrong 
WC 
This bit is related with the NO bit, 


Cylinder 
and when the contents 
of C on the 


medium 
is different 
from that stored 


in the lOR, this flag is set. 


03 
Scan Equal 
SH 
During execution, 
the SCAN 


Hit 
Command, 
if the condition 
of 


"equal" 
is satisfied, 
this flag is set. 


O2 
Scan Not 
SN 
During executing 
the SCAN 


Satisfied 
Command, 
if the FDC cannot 
find a 


Sector on the cylinder 
which 
meets 


the condition, 
then this flag is set. 


0, 
Bad 
BC 
This bit is related with the NO bit, 


Cylinder 
and when the content 
of C on the 


medium 
is different 
from that stored 


in the lOR and the content 
of C is 


FF, then this 
flag 
is set. 


Do 
Missing 
MD 
When data is read from the medium, 


Address 
if the FOe cannot find a Data 


Mark in Data 
Address 
Mark or Deleted Data 


Field 
Address 
Mark, then this 
flag 
is set. 


STATUS 
REGISTER 
3 


07 
Fault 
FT 
This bit is used to indicate 
the 


status 
of the Fault signal from the 


FDD. 


06 
Write 
WP 
This bit is used to indicate 
the 


Protected 
status of the Write Protected 
signal 


from 
the FDD. 


05 
Ready 
ROY 
This bit is used to indicate 
the status 
of the Ready signal 
from 
the FDD. 


0_ 
Track 0 
TO 
This bit is used to indicate 
the status 
of the Track 0 signal from the FOD. 


03 
Two Side 
TS 
This bit is used to indicate the status 
of the Two Side signal from the FDO. 


O2 
Head 
HD 
This bit is used to indicate 
the status 


Address 
of Side Select signal to the FDO. 


0, 
Unit Select 1 
US 1 
This bit is used to indicate 
the status 


of the Unit Select 
1 signal 
to the FDD. 


Do 
Unit Select 0 
US 0 
This bit is used to indicate 
the status 
of the Unit Select 0 signal to the FDD. 


Operating 
Temperature 
-10·C 
to + 70·C 
Storage Temperature 
-40·C 
to + 125·C 


All Output Voltages 
-0.5 
to + 7 Volts 


All Input Voltages 
-0.5 
to + 7 Volts 


Supply Voltage Vee 
-0.5 
to + 7 Volts 


Power Dissipation 
1 Watt 


NOTICE: 
Stress above those listed under "Absolute 
Max- 


imum Ratings" 
may cause permanent 
damage to the de- 


vice. This is a stress rating only and functional 
operation of 


the device at these or any other conditions 
above those 


indicated 
in the operational 
sections of this specification 


is not implied. 
Exposure 
to absolute 
maximum 
rating 


conditions 
for 
extended 
periods 
may 
affect 
device 


reliability. 


Limits 
Test 
Symbol 
Parameter 
Min. 
Max. 
Unit 
Conditions 


VIL, 
Input Low Voltage 
-0.5 
0.8 
V 


V1H, 
Input High Voltage 
2.0 
Vee+ 0.5 
V 


VIL, 
(CLK & WR CLK) 
-0.5 
0.65 
V 


VIH, 
(CLK & WR CLK) 
2.4 
Vee+ 0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL=2.0 
mA 


VOH 
Output High Voltage 
2.4 
Vee 
V 
IOH= -200,..A 


Ice 
Vee Supply Current 
150 
mA 


IlL 
Input Load Current 
10 
IJ.A 
VIN=Vee 


(All Input Pins) 
-10 
IJ.A 
VIN=OV 


ILoH 
High Level Output 
10 
IJ.A 
VOUT= Vee 


Leakage Current 


ILOL 
Low Level Output 
-10 
IJ.A 
VOUT= +0.45V 


Leakage Current 


Limits 
Test 
Symbol 
Parameter 
Min. 
Max. 
Unit 
Conditions 


C1N(<I» 
Clock Input Capacitance 
20 
pF 
All Pins Except 


CIN 
Input Capacitance 
10 
pF 
Pin Under Test 
Tied to AC 


COUT 
Output 
Capacitance 
20 
pF 
Ground 


inter 
8272 


Symbol 
Paramet.r 
Min. 
Mex. 
Unit 
T•• t Condition. 


ley 
Clock 
Period 
125 
ns 


leH 
Clock 
High 
Period 
40 
ns 
Note 4 


tRST 
Reset 
Width 
14 
ley 


Reed Cycl. 


tAR 
select 
Setup 
to IIDI 
0 
ns 


tRA 
select 
Hold 
from 1m! 
0 
ns 


tRR 
m5 Puis. 
Width 
250 
ns 


tRO 
Data Delay 
from Ri5+ 
200 
ns 


tOF 
Output 
Float 
Delay 
20 
100 
ns 


Write 
Cycle 


tAW 
select 
Setup 
to WRI 
0 
, 
ns 


tWA 
Select 
Hold 
from ~ 
0 
ns 


tww 
WIl 
Pulse 
Width 
250 
ns 


tow 
Data Setup 
to WRt 
150 
ns 


two 
Data Hold 
from mt 
5 
ns 


Intenupt. 


tRI 
INT Delay 
from 
IIDt 
500 
ns 


tWI 
INT Delay 
from 
WR1 
500 
ns 


DMA 


tROCY 
ORO Cycle 
Period 
13 
~s 


tAKRO 
~ltoDRQI 
200 
ns 


tROR 
DRat 
to RDI 
800 
ns 
8 MHz clock 


tROW 
DROttoWAI 
250 
ns 
8 MHz clock 


tRoRW 
DRat 
to ROt or WR1 
12 
~s 
8 MHz clock 


FDD Interlace 
TVP' 


twCY 
WCK Cycle 
Time 
",or4 
--- -- - - 
MFM=O--- 


~s 
Note 
2 
_ 
1..£r2_ ---- 
350 - - 


_MFM 
=.1.. ___ 


tWCH 
WCK High Time 
250 
100 
ns 
lep 
Pre-shlft 
Delay 
from 
WCKt 
20 
100 
ns 


leD 
WDA 
Delay 
from 
WCKt 
20 
100 
ns 


twoo 
Write 
Data Width 
tWCH-50 
ns 


tWE 
WEt to WCKt 
or WEI to WCKI 
Delay 
20 
ow 
ns 
--- ---- - - -- ------ 
twwCY 
Window 
Cycle 
Time 
2 
~s 
MFM=O 
_---1_ ---- -- -- 
...!1~=.l___ 


tWRO 
Window 
Setup 
to ROOt 
15 
ns 


tROW 
Window 
Hold 
trom 
RDDI 
15 
ns 


tROD 
ROD Active 
Time 
(HIGH) 
40 
ns 


FDD 
SEEKI 
I, 


DIRECTION! 
STEP 


tus 
USe" 
Setup 
to RWISEEKt 
12 
~s 
tso 
RWISEEK 
Setup 
to LCTIDIR 
6.8 
~s 
tos 
RWISEEK 
Hold 
from 
LCT/DIR 
30 
~s 
tOST 
LCT/DIR 
Setup 
to FA/STEPt 
1 
~s 
tSTO 
LCT/DIR 
Hold 
from 
FA/STEPI 
24 
~s 
8MHz 
clock 


tSTU 
DSo" 
Hold 
from 
FA/Stepl 
5 
~s 


tSTP 
STEP Active 
Time (H Igh) 
5 
~s 
tsc 
STEP Cycle 
Time 
33 
~s 
Note 
3 


tFR 
FAULT 
RESET Active 
Time 
(High) 
8 
10 
~s 
tlOX 
INDEX Pulse Width 
625 
~s 


tTc 
Terminal 
Count 
Width 
1 
ley 


NOTES: 


1. Typical 
values 
for TA = 25'C 
and nominal 
supply 
voltage. 


2. The former 
values 
ere used 
lor standard 
floppy 
and the latter 
values 
are used 
lor 
mini·f1oppies. 


3. 
tsc = 33~s min. Is for different 
drive 
units. 
In the case of same 
unit, tsc 
can be ranged 
from 
1 ms to 16 ms with 
8 MHz clock 
period, 
and 2 ms to 32ms 
with 
4 MHz clock, 
under 
software 
control. 


4. From 2.0Vpo 
+2.0V!. 


inter 


2.4=>\ 
x= 


2.0 
2.0 
>TEST 
POINTS < 


0.8 
0.8 


0.45 
--------- 


A.C. TESTING: 
INPUTS 
ARE DRIVEN 
AT 2.4V FOR A LOGIC 
"1" AND O.45V 
FOR 


A LOGIC 
"0." 
TIMING 
MEASUREMENTS 
ARE 
MADE 
AT 2.QV FOR A LOGIC 'T' 


AND a.BV FOR A LOGIC 
"0 .. 


AO'CS'~ 
F 
DACK 
, 
_--"-R 
__ 
-----------'R-R------------'R-' 


'RI_, 


inter 


WAVEFORMS 
(Continued) 


PROCESSOR WRITE OPERATION 


IW'_,- 


inter 


PRESHIFT 
0 
PRESHIFT 
1 


NORMAL 
0 
0 


LATE 
0 
1 


EARLY 
1 
0 


INVALID 
1 
1 


inter 


..."". r--'k. 
~ 
/ r 
1RDD1"" 
-------,-.----IW-RD~~~~~~~~ 
lRO-W----- 


Data Communications 


• Synchronous and Asynchronous 
Operation 


• Synchronous 5-8 Bit Characters; 
Internal or External Character 
Synchronization; Automatic Sync 
Insertion 


• Asynchronous 5-8 Bit Characters; 
Clock Rate-1, 
16 or 64 Times Baud 
Rate; Break Character Generation; 
1, 11/2,or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 


• Synchronous Baud Rate-DC 
to 
64K Baud 


• Asynchronous Baud Rate-DC 
to 
19.2K Baud 
• 
FUll-Duplex, Double-Buffered 
Transmitter and Receiver 
• 
Error Detection-Parity, 
Overrun and 


Framing 
• Compatible with an Extended Range 


of Intel Microprocessors 
• 28-Pin DIP Package 
• All Inputs and Outputs are TTl 


Compatible 
• Single +5V Supply 
• Single TTl Clock 


The 
Intel® 8251A 
is the 
enhanced 
version 
of the 
industry 
standard, 
Intel 
8251 
Universal 
Synchronous/ 


Asynchronous 
ReceiverfTransmitter 
(USART), designed 
for data communications 
with Intel's microprocessor 
families 
such as MCS-68, 80, 85, and iAPX-86, 88. The 8251 A is used as a peripheral 
device and is programmed 


by the CPU to operate 
using virtually 
any serial data transmission 
technique 
presently 
in use (including 
IBM 
"bi-sync"). 
The USARTaccepts 
data characters 
from the CPU in parallel format 
and then converts 
them into a 
continuous 
serial data stream for transmission. 
Simultaneously, 
it can receive serial data streams and convert 
them into parallel 
data characters 
for the CPU. The USARTwili 
signal 
the CPU whenever 
it can accept 
a new 


character 
for transmission 
or whenever 
it has received 
a character 
for the CPU. The CPU can read the 


complete 
status of the USARTat any time. These include 
data transmission 
errors and control 
signals such as 
SYNDET, TxEMPTY. The chip 
is fabricated 
using 
N-channel 
silicon 
gate technology. 


TRANSMIT 


BUFFER 


(P-SI 


RECEIVE 
R,D 
BUFFER 
(5·P) 


/ 


RJlROY 


RECEIVE 
R;c 
INTERNAL 
CONTROL 
DATA BUS 
_SYNDET 


0, 
0, 


OJ 
Do 


R,D 
VC{ 


GND 
R,e 


0, 
DTR 


0, 
RTS 


D. 
DSR 


0, 
RESET 


he 
eLK 


We 
hD 


cs 
TIIEMPTY 


C/0 
eTS 


AD 
SVNOET/BD 


R.RDY 
hRDY 


inter 


The 8251A is an advanced 
design 
of the industry 


standard 
USART, 
the 
Intel<l!l 8251. 
The 
8251 A 


operates 
with 
an 
extended 
range 
of 
Intel 


microprocessors 
and maintains 
compatibility 
with 


the 8251. Familiarization 
time is minimal 
because of 


compatibility 
and involves 
only knowing 
the addi- 
tional 
features 
and enhancements, 
and 
reviewing 


the AC and DC specifications 
of the 8251A. 


The 8251 A incorporates 
all the key features 
of the 


8251 and has the following 
additional 
features 
and 


enhancements: 


• 8251A has double-buffered 
data paths with sepa- 
rate I/O registers 
for control, 
status, 
Data In, and 
Data Out, which 
considerably 
simplifies 
control 
programming 
and minimizes 
CPU overhead. 


• 
In asynchronous 
operations, 
the Receiver detects 
and handles 
"break" 
automatically, 
relieving 
the 


CPU of this task. 


• A refined 
Rx initialization 
prevents 
the Receiver 
from 
starting 
when 
in "break" 
state, preventing 


unwanted 
interrupts 
from a disconnected 
USART. 


• At the conclusion 
of a transmission, 
TxD line will 


always return to the marking 
state unless SBRK is 


programmed. 


• Tx Enable logic enhancement 
prevents 
a Tx Dis- 


able command 
from halting 
transmission 
until all 


data previously 
written 
has been transmitted. 
The 


logic 
also prevents 
the transmitter 
from 
turning 
off in the middle 
of a word. 


• When External 
Sync Detect is programmed, 
Inter- 
nal Sync Detect is disabled, 
and an External 
Sync 
Detect 
status 
is provided 
via a flip-flop 
which 


clears itself upon a status read. 


• 
Possibility 
of false 
sync detect 
is minimized 
by 
ensuring 
that if double character 
sync is program- 


med, the characters 
be contiguously 
detected and 


also 
by clearing 
the 
Rx 
register 
to 
all 
ones 


whenever 
Enter Hunt command 
is issued in Sync 


mode. 


• As long as the 8251A is not selected, 
the RD and 


WR do not 
affect 
the 
internal 
operation 
of the 


device. 


• The 8251A Status can be read at any time but the 


status update will be inhibited 
during status read. 


• The 8251A is free from 
extraneous 
glitches 
and 


has enhanced 
AC and DC characteristics, 
provid- 


ing higher 
speed and better 
operating 
margins. 


• Synchronous 
Baud rate from 
DC to 64K. 


The 8251A 
is a Universal 
Synchronous/Asynchro- 


nous 
Receiver/Transmitter 
designed 
for 
a wide 


range of Intel microcomputers 
such as 8048, 8080, 


8085, 8086 and 8088. 
Like other 
I/O devices 
in a 


microcomputer 
system, its functional 
configuration 


is programmed 
by the system's 
software 
for maxi- 


mum flexibility. 
The 8251A can support 
most serial 


data techniques 
in use, including 
IBM "bi-sync." 


In a communication 
environment 
an 
interface 


device must convert 
parallel format system data into 


serial format for transmission 
and convert 
incoming 


serial format data into parallel system data for recep- 
tion. The interface 
device must also delete or insert 


bits or characters 
that are functionally 
unique to the 


communication 
technique. 
In essence, the interface 


should 
appear 
"transparent" 
to the CPU, a simple 
input or output 
of byte-oriented 
system data. 


This 3-state, bidirectional, 
8-bit buffer 
is used to in- 


terface 
the 8251A to the system 
Data Bus. Data is 


transmitted 
or received by the buffer upon execution 


of INput or OUTput instructions 
of the CPU. Control 


words, Command 
words and Status information 
are 


also transferred 
through 
the Data Bus Buffer. The 


Command 
Status, 
Data-In 
and 
Data-Out 
registers 


are separate, 8-bit registers communicating 
with the 


system bus through 
the Data Bus Buffer. 


This functional 
block accepts inputs from the system 


Control 
bus and generates control 
signals for overall 


device operation. 
It contains 
the Control Word Reg- 


ister 
and Command 
Word 
Register 
that 
store 
the 


various 
control 
formats 
for 
the device 
functional 


definition. 


A "high" 
on this input forces the 8251A into an "Idle" 


mode. The device will remain at "Idle" until a new set 
of control 
words is written 
into the 8251A to program 


its functional 
definition. 
Minimum 
RESET 
pulse 


width 
is 6 tCY (clock 
must be running). 


A command 
reset operation 
also puts the device into 


the "Id Ie" state. 


inter 


The ClK 
input 
is used to generate 
internal 
device 


timing 
and 
is normally 
connected 
to the 
Phase 2 


(TTl) 
output 
of the 
Clock 
Generator. 
No external 


inputs 
or outputs 
are 
referenced 
to 
ClK 
but 
the 


frequency 
of ClK 
must be greater 
than 30 times the 


Receiver 
or Transmitter 
data bit rates. 


A "low" 
on this input informs 
the 8251A that the CPU 


is writing 
data or control 
words 
to the 8251 A. 


A "low" 
on this input informs 
the 8251A that the CPU 


is reading data or status information 
from the 8251 A. 


Figure 
3. 8251A Block 
Diagram 
ShOWing Data 
Bus Buffer 
and ReadlWrite 
logic 
Functions 
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1 
0 
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X 
1 
1 
0 
DATA 
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X 
X 
X 
1 
DATA 
BUS= 
3-STATE 


This input, 
in conjunction 
with 
the WR and RD in- 


puts, informs 
the 8251A that the word 
on the Data 


Bus is either a data character, 
control 
word or status 


information. 


1 = CONTROUSTATUS; 
0 = DATA. 


CS (Chip Select) 


A "low" on this input selects the 8251 A. No reading 
or 


writing 
will 
occur 
unless 
the 
device 
is selected. 


When CS is high, the Data Bus is in the float state and 
RD and WR have no effect 
on the chip. 


The 8251A has a set of control 
inputs 
and outputs 


that can be used to simplify 
the interface 
to almost 


any modem. The modem control 
signals 
are general 


purpose 
in nature 
and can be used for f4!1ctions 


other 
than modem 
control, 
if necessary. 


The DSR input signal 
is a general-purpos~, 
1-bit in- 


verting 
input port. Its condition 
can be tested by the 


CPU using a Status 
Read operation. 
Th~ DSR input 


is normally 
used to test modem 
conditions 
such as 


Data Set Ready. 


The DTR output 
signal 
is a general-purpose, 
1-bit 


inverting 
output 
port. 
It can 
be set "low" 
by pro- 


gramming 
the appropriate 
bit in the Command 
In- 


struction 
word. The DTR output 
signal 
is normally 


used 
for 
modem 
control 
such 
as Data Terminal 


Ready. 


RTS (Request to Send). 


The RTS output 
signal 
is a general-purpose, 
1-bit 


inverting 
output 
port. 
It can be set "low" 
by pro- 


gramming 
the appropriate 
bit in the Command 
In- 


struction 
word. The RTS output 
signal 
is normally 


used for modem 
control 
such as Request 
to Send. 


A "low" 
on this input enables 
the 8251A to transmit 


serial data if the Tx Enable bit in the Command 
byte 


is set to a "one." 
If either 
a Tx Enable off or CTS off 


condition 
occurs while the Tx is in operation, 
the Tx 


will transmit 
all the data in the USART, written 
prior 


to Tx Disable 
command 
before 
shutting 
down. 


inter 


The Transmitter 
Buffer accepts parallel data from the 
Data Bus Buffer, 
converts 
it to a serial 
bit stream, 
inserts the appropriate 
characters 
or bits (based on 


the communication 
technique) 
and outputs 
a com- 


posite serial stream of data on the TxD output 
pin on 


the falling 
edge of TxC. The transmitter 
will 
begin 


transmission 
upon 
being 
enabled 
if CTS = O. The 


TxD line will be held in the marking 
state immedi- 


ately upon a master Reset or when Tx Enable or CTS 
is off or the transmitter 
is empty. 


The Transmitter 
Control 
manages all activities 
asso- 


ciated with the transmission 
of serial data. It accepts 


and issues signals 
both externally 
and internally 
to 


accomplish 
this function. 


This output 
signals 
the CPU that the transmitter 
is 


ready to accept a data character. The TxRDY output 
pin can be used as an interrupt 
to the system, since it 


is masked byTxEnaqle; 
or, for Polled operation, 
the 


CPU can check TxRDY using a Status Read opera- 
tion. TxRDY 
is automatically 
reset by the leading 


edge of WR when a data character 
is loaded 
from 


the CPU. 


Note 
that 
when 
using 
the 
Polled 
operation, 
the 


TxRDY status bit'isnot 
masked byTxEnable, 
but will 


only indicate 
the Empty/Full 
Status of the Tx Data 


Input Register. 


When 
the 
8251 A has no characters 
to send, 
the 


TxEMPTY 
output 
will 
go 
"high." 
It resets 
upon 


receiving 
a character 
from the CPU if the transmitter 


is enabled. 
TxEMPTY 
remains 
low when the trans- 


mitter 
is disabled 
even 
if 
it 
is actually 
empty. 
TxEMPTY can be used to indicate 
the end of a trans- 


mission 
mode, so that the CPU "knows" 
when 
to 


"turn the line around" 
in the half-duplex 
operational 


mode. 


In the Synchronous 
mode, a "high" 
on this output 


indicates 
that a character 
has not been loaded and 


the SYNC character 
or characters 
are about to be or 


are 
being 
transmitted 
automatically 
as "fillers." 


TxEMPTY 
does not go low when the SYNC charac- 


ters are being shifted 
out. 


RESET __ 


CLK __ 
READ/WRITE 
C/O_ 
CONTROL 


RO_ 
lOGIC 


ViR 
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Figure 4. 8251A Block 
Diagram 
Showing 
Modem 


and Transmitter 
Buffer 
and Control 


Functions 


The Transmitter 
Clock controls 
the rate at which the 


character 
is to be transmitted. 
In the Synchronous 


transmission 
mode, the Baud Rate (1x) is equal to 


the TxC frequency. 
In Asynchronous 
transmission 


mode, the baud rate is a fraction 
of the actual TxC 


frequency. A portion 
of the mode instruction 
selects 


this factor; 
it can be 1, 1/16 or 1/64 the TxC. 


For Example: 


If Baud Rate equals 
110 Baud, 


TxC equals 
110Hz 
in the 1x mode. 


TxC equals 
1.72 kHz in the 16x mode. 


TxC equals 7.04 kHz in the 64x mode. 


The falling 
edge of TxC shifts the serial data out of 


the 8251 A. 


The Receiver accepts serial data, converts 
this serial 


input to parallel format, checks for bits or characters 
that 
are unique 
to the 
communication 
technique 


and sends an "assembled" 
character 
to the CPU. 


Serial data is input to RxD pin, and is clocked 
in on 


the rising 
edge of RxC. 


intJ 


This functional 
block 
manages 
all receiver-related 
activities 
which 
consists 
of the following 
features. 


The RxD initialization 
circuit 
prevents 
the 8251A 


from mistaking 
an unused 
input line for an active 


low 
data 
line 
in the 
"break 
condition." 
Before 


starting 
to receive 
serial 
characters 
on the RxD 


line, a valid "1" must first be detected 
after a chip 


master 
Reset. Once this has been determined, 
a 


search 
for a valid low (Start 
bit) is enabled. 
This 


feature 
is only active in the asynchronous 
mode, 
and is only done once for each master Reset. 


The False Start bit detection 
circuit 
prevents false 


starts due to a transient 
noise spike by first detect- 


ing the falling edge and then strobing 
the nominal 


center 
of the Start 
bit (RxD = low). 


Parity 
error 
detection 
sets 
the 
corresponding 


status 
bit. 


The Framing 
Error status bit is set if the Stop bit is 


absent at the end of the data byte (asynchronous 
mode). 


This output 
indicates 
that the 8251 A contains 
a char- 


acter that is ready to be input to the CPU. RxRDY can 
be connected 
to the interrupt 
structure 
of the CPU 


or, for polled operation, 
the CPU can check the con- 
dition 
of RxRDY using a Status 
Read operation. 


RxEnable, when off, holds RxRDY in the Reset Con- 
dition. 
For Asynchronous 
mode, to set RxRDY, the 


Receiver must be enabled to sense a Start Bit and a 
complete 
character 
must be assembled 
and trans- 


ferred to the Data Output 
Register. For Synchronous 


mode, to set RxRDY, the Receiver 
must be enabled 


and a character 
must finish 
assembly 
and be trans- 
ferred 
to the Data Output 
Register. 


Failure to read the received 
character 
from the Rx 


Data Output 
Register 
prior 
to the assembly 
of the 


next 
Rx Data character 
will set overrun 
condition 


error and the previous 
character 
will be written 
over 


and lost. If the Rx Data is being 
read by the CPU 


when the internal 
transfer 
is occurring, 
overrun 
er- 


ror will be set and the old chaTacter 
will be lost. 


The Receiver 
Clock 
controls 
the rate at which 
the 


character 
is to be received. 
In Synchronous 
Mode, 


the Baud Rate (1x) is equal to the actual frequency 
of 


RxC. In Asynchronous 
Mode, 
the 
Baud 
Rate is a 


fraction 
of the actual 
RxC frequency. 
A portion 
of 


the mode instruction 
selects 
this factor: 
'1, 1/16 or 


1/64 the RxC. 


For ex~mple: 


Baud Rate equals 300 Baud, if 
RxC equals 300 Hz in the 1x mode; 
RxC equals 4800 Hz in the 16x mode; 
RxC equals 
19.2 kHz in the 64x mode. 


Bauq Rate equals 2400 Baud, if 


. ,RxC equals 2400 Hz in the 1x mode; 


RxC equals 38.4 kHz in the 16x mode; 
RxC equals 
153.6 kHz in the 64x mode. 


Data is sampled 
into the 8251A on the rising edge of 


RxC. 


NOTE: 
In most communications 
systems, the8251A 


will be handling 
both the transmission 
and reception 


operations 
of 
a single 
link. 
Consequently, 
the 


Receive and Transmit 
Baud Rates will be the same. 


Both TxC and RxC will require 
identical 
frequencies 


for this operation 
and can be tied together 
and con- 


nected 
to a single 
frequency 
source 
(Baud 
Rate 


Generator) 
to simplify 
the interface. 
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Figure 
5. 8251A Block Diagram 
Showing 


Receiver 
Buffer 
and Control 
Functions 


inter 


SYNDET (SYNC Detect! 
BRKDET 
Break 
Detect) 


This 
pin 
is used 
in Synchronous 
Mode 
for 
SYN- 


DET and 
may be used 
as either 
input 
or output, 
programmable 
through 
the Control 
Word. It is reset 


to output 
mode low upon RESET. When used as an 


output 
(internal 
Sync mode), the SYNDET pin will go 


"high" 
to indicate 
that 
the 8251A has located 
the 


SYNC character 
in the Receive mode. If the 8251A is 


programmed 
to 
use double 
Sync 
characters 
(bi- 
sync), then SYNDETwili 
go "high" 
in the middle 
of 


the last bit of the second Sync character. 
SYNDET is 


automatically 
reset upon a Status 
Read operation. 


When used as an input (external 
SYNC detect mode), 
a positive 
going 
signal will cause the 8251A to start 


assembling 
data characters 
on the rising edge of the 


next RxC. Once in SYNC, the "high" 
input signal can 


be removed. 
When 
External 
SYNC 
Detect 
is pro- 
grammed, 
Internal 
SYNC Detect is disabled. 


This 
output 
will 
go 
high 
whenever 
the 
receiver 


remains 
low through 
two consecutive 
stop 
bit se- 


quences 
(including 
the 
start 
bits, 
data 
bits, 
and 


parity 
bits). 
Break 
Detect 
may also 
be read as a 


Status bit. It is reset only upon a master chip Reset or 
Rx Data returning 
to a "one" 
state. 


Figure 
6. 8251A Interface 
to 8080 Standard 
System 
Bus 


The complete 
functional 
definition 
of the 8251A is 


programmed 
by the system's software. 
A set of con- 


trol words 
must be sent out by the CPU to initialize 


the 8251A to support 
the desired 
communications 


format. These control 
words will program 
the: BAUD 


RATE, CHARACTER 
LENGTH, 
NUMBER 
OF STOP 


BITS, SYNCHRONOUS 
or ASYNCHRONOUS 
OPER- 


ATION, 
EVEN/ODD/OFF 
PARITY, 
etc. 
In 
the 


Synchronous 
Mode, 
options 
are also 
provided 
to 


select 
either 
internal 
or 
external 
character 


synchronization. 


Once programmed, 
the 8251A is ready to perform 
its 


communication 
functions. 
The TxRDY 
output 
is 


raised 
"high" 
to signal 
the CPU that 
the 8251A is 


ready to receive a data character 
from the CPU. This 


output 
(TxRDY) is reset automatically 
when the CPU 


writes a character 
into the 8251 A. On the other hand, 


the 8251A receives serial data from the MODEM 
or 


I/O device. 
Upon receiving 
an entire 
character, 
the 


RxRDYoutput 
is raised "high" 
to signal the CPU that 


the 8251A has a complete 
character 
ready for the 


CPU to fetch. RxRDY is reset automatically 
upon the 


CPU data read operation. 


The 8251A cannot 
begin 
transmission 
until 
the Tx 


Enable 
(Transmitter 
Enable) 
bit is set in the Com- 


mand Instruction 
and it has received a Clear To Send 


(CTS) input. The TxD output 
will be held in the mark- 


ing state upon Reset. 


ciiJ" 
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cic" 
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cio" 
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cic"' , 


MODE INSTRUCTION 


SYNC CHARACTER 
1 


SYNC CHARACTER 
2 


COMMAND 
INSTRUCTION 


COMMAND 
INSTRUCTION 


DATA 


COMMAND 
INSTRUCTION 


} 
SYNC MODE 


ONLY· 


• The MCOnd SYNC cMracter 
is skipped 
If MODE instruction 
h_ 
prog,. 
•• 


meet tM 1251. 
to single 
character 
Intemal 
SYNC Mode. 
Both 
SYNC 


characters 
.r. 
aldpped If MODE Instruction 
h•• progf1lmrned tM 8251. to 


ASYNC mode or Extema' 
SYNC mode. 


inter 


Prior to starting data transmission or reception, the 
8251A must be loaded with a set of control words 
generated by the CPU.These control signals define 
the complete functional definition of the 8251A ano 
must immediately follow a Reset operation (internal 
or external). 


The control words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


This instruction 
defines the general operational 
characteristics of the 8251A. It must follow a Reset 
operation (internal or external). Once the Mode In- 
struction has been written into the 8251A by the 
CPU, SYNC characters or Command Instructions 
may be written. 


This instruction defines aword that is usedto control 
the actual operation of the 8251A. 


Both the Mode and Command Instructions must 
conform to a specified sequence for proper device 
operation (see Figure 7).The Mode Instruction must 
be 
written 
immediately 
following 
a 
Reset 


operation, 
prior 
to using 
the 8251A for 
data 


communication. 


All control words written into the 8251A after the 
Mode Instruction will load the Command Instruc- 
tion. Command Instructions can be written into the 
8251Aat any time in the data block during the opera- 
tion of the 8251A.To return to the Mode Instruction 
format, the master Reset bit in the Command In- 
struction word can beset to initiate an internal Reset 
operation 
which automatically 
places the 8251A 


back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or 
Sync characters. 


The 8251A can be used for either Asynchronous or 
Synchronous data .communication. To understand 
how the Mode Instruction 
defines the functional 


operation of the 8251A, the designer can best view 
the device as two separate 
components, 
one 


Asynchronous and the other Synchronous, sharing 


the same package. The format definition 
can be 


changed only after a master chip Reset.Forexplana- 
tion purposes the two formats will be isolated. 


NOTE: 
When parity is enabled it is not considered 


as one of the data bits for the purpose of program- 
ming the word length. The actual parity bit received 
on the Rx Data line cannot be read on the Data Bus. 
In the caseof a programmed character length of less 
than 8 bits, the least significant Data Bus bits will 
hold the data; unused bits are "don't care" when 
writing data to the 8251A,and will be "zeros" when 
reading the data from the 8251A. 


Whenever a data character is sent by the CPU the 
8251A automatically adds a Start bit (low level) fol- 
lowed by the data bits (least significant bit first), and 
the programmed number of Stop bits to each char- 
acter.Also, an even or odd Parity bit is inserted prior 
to the Stop bit(s), as defined by the Mode Instruc- 
tion. The character is then transmitted as a serial 
data stream on the TxD output. The serial data is 
shifted out on the falling edge ofTxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the 
Mode Instruction. BREAKcharacters can be contin- 
uously sent to the TxD if commanded to do so. 


When no data characters have been loaded into the 
8251AtheTxD output reamins "high" (marking) un- 
less 
a 
Break 
(continuously 
low) 
has 
been 


programmed. 
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5 
6 
7 
8 
BITS 
BITS 
BITS 
BITS 


PARITY 
ENABLE 


1" 
ENABLE 
0" 
DISABLE 


EVEN 
PARITY 
GENERATION/CHECK 


1 •• EVEN 
0'" ODD 


NUMBER 
OF 
STOP 
BITS 


(ONLY AFFECTS 
Tx; 
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NEVER 
REQUIRES 
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STOP 
BIT] 


Figure 
8. 
Mode 
Instruction 
Format, 


Asynchronous 
Mode 


intJ 


The RxD line is normally 
high. A falling edge on this 


line 
triggers 
the 
beginning 
of a START 
bit. The 
validity 
of this START bit is checked 
by again strob- 
ing this bit at its nominal 
center 
(16X or 64X mode 
only). If a low is detected 
again, it is a valid START bit, 


and the bit counter 
will start counting. 
The bit coun- 
ter thus locates the center of the data bits, the parity 
bit (if it exists) 
and the stop 
bits. If parity error 
oc- 
curs, the parity error flag is set. Data and parity 
bits 
are sampled 
on the RxD pin with the rising edge of 
RxC. If a low level is detected 
as the STOP bit, the 
Framing 
Error flag will be set. The STOP bit signals 
the end 
of a character. 
Note that 
the receiver 
re- 
qui res on Iyone stop bit, regard less of the number 
of 
stop bits programmed. 
This character 
is then loaded 
into the parallel 
110 buffer 
of the 8251A. The RxRDY 
pin is raised to signal 
the CPU that a character 
is 


ready to be fetched. 
If a previous 
character 
has not 
been 
fetched 
by the 
CPU, 
the 
present 
character 
replaces it in the I/O buffer, and the OVERRUN Error 
flag is raised (thus the previous 
character 
is lost). All 


of the error 
flags 
can be reset by an Error 
Reset 
Instruction. 
The occurrence 
of any of these errors 
will not affect 
the operation 
of the 8251 A. 
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The TxD output 
is continuously 
high until the CPU 


sends its first character 
to the 8251Awhich 
usually is 


a SYNC character. 
When the CTS line goes low, the 


first character 
is serially 
transmitted 
out. All charac- 


ters are shifted 
out on the falling edge ofTxC. Data is 


shifted 
out at the same rate as the TxC. 


Once transmission 
has started, 
the data stream 
at 


the TxD output 
must continue 
at the TxC rate. If the 


CPU does not provide the 8251A with a data charac- 
ter 
before 
the 8251 A Transmitter 
Buffers 
become 


empty, the SYNC characters 
(or character 
if in single 


SYNC 
character 
mode) 
will 
be automatically 
in- 


serted 
in the TxD 
data 
stream. 
In this 
case, 
the 


TxEMPTY pin is raised high to signal that the 8251A 
is empty 
and SYNC characters 
are being sent out. 


TxEMPTY 
does not go low when the SYNC is being 


shifted 
out (see figure 
below). The TxEMPTY 
pin is 


internally 
reset 
by a data 
character 
being 
written 


into the 8251 A. 


/ 
\ 
'\\\\\\\ 
FALLS UPON CPU WRITING 
A 


TxEMPTY 
~ 
\. 
I CHARACTER 
TO THE USART 


" 


NOMINAL 
CENTER OF LAST BIT 


In this mode, character 
synchronization 
can be inter- 


nally or externally 
achieved. 
If the SYNC mode has 


been programmed, 
ENTER HUNT command 
should 


be included 
in the first command 
instruction 
word 


written. 
Data on the 
RxD pin 
is then 
sampled 
on 


the rising edge of RxC. The content 
of the Rx buffer 


is compared 
at every 
bit boundary 
with 
the 
first 


SYNC character 
until a match 
occurs. 
If the 8251A 


has been programmed 
for two SYNC characters, 
the 


subsequent 
received 
character 
is also compared; 


when 
both 
SYNC characters 
have been detected, 


the USARTends 
the HUNT mode and is in character 


synchronization. 
The SYNDET 
pin is then set high, 


and 
is reset automatically 
by a STATUS READ. 
If 


parity 
is programmed, 
SYNDETwili 
not be set until 


the middle 
of the parity 
bit instead 
of the middle 
of 


the last data bit. 


In the 
external 
SYNC 
mode, 
synchronization 
is 


achieved 
by applying 
a high 
level on the SYNDET 


pin, thus forcing 
the 8251 A out of the HUNT mode. 


The high level can be removed after one Rxe cycle. 
An 
ENTER 
HUNT command 
has no effect 
in the 


asynchronous 
mode of operation. 


inter 


Parity error and overrun 
error 
are both checked 
in 


the same 
way as in the Asynchronous 
Rx mode. 


Parity 
is checked 
when 
not in Hunt, 
regardless 
of 


whether 
the Receiver 
is enabled 
or not. 
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CHARACTER 
SYNC 
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0= DOUBLE 
SYNC CHARACTER 


NOTE: IN EXTERNAL 
SYNC MODE, PROGRAMMING 
DOUBLE CHARACTER 


SYNC Will 
AFFECT 
ONLY THE lx. 


Figure 
10. Mode Instruction 
Format, 


Synchronous 
Mode 


The CPU can command 
the receiver 
to enter 
the 


HUNT mode if synchronization 
is lost. This will also 


set all the 
used 
character 
bits 
in the 
buffer 
to a 


"one," 
thus 
preventing 
a possible 
false 
SYNDET 


caused by data that happens to be in the Rx Buffer at 
ENTER 
HUNT time. 
Note 
that 
the SYNDET 
F/F is 


reset at each 
Status 
Read, 
regardless 
of whether 


internal 
or external 
SYNC has been programmed. 
This does not cause the 8251A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync 
Detection 
is still functional, 
but only occurs 
at the 


"known" 
word boundaries. 
Thus, if one Status Read 


indicates 
SYNDET and a second 
Status 
Read also 


indicates 
SYNDET, then the programmed 
SYNDET 


characters 
have been received 
since 
the previous 


Status 
Read. 
(If double 
character 
sync 
has been 


programmed, 
then both sync characters 
have been 


contiguously 
received to gate a SYNDET indication.) 


When external 
SYNDET 
mode is selected, 
internal 


Sync Detect is disabled, and the SYNDET F/F may be 
set at any bit boundary. 
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Once the functional 
definition 
of the 8251A has been 


programmed 
by the Mode Instruction 
and the sync 


characters 
are loaded 
(if in Sync 
Mode) 
then 
the 


device is ready to be used for data communication. 
The Command 
Instruction 
controls 
the actual opera- 


tion 
of 
the 
selected 
format. 
Functions 
such 
as: 


Enable Transmit/Receive, 
Error 
Reset and Modem 


Controls 
are provided 
by the Command 
Instruction. 


Once the Mode Instruction 
has been written 
into the 


8251A and Sync characters 
inserted, 
if necessary, 


then all further 
"control 
writes" 
(C/D = 1) will load a 


Command 
Instruction. 
A Reset Operation 
(internal 


or external) 
will 
return 
the 8251A to the 
Mode 
In- 


struction 
format. 


When power is first applied, the 8251A may come up 
in the Mode, Sync character 
or Command 
format. To 


guarantee 
that 
the device 
is in the Command 
In- 


struction 
format 
before 
the Reset command 
is is- 


sued, 
it 
is 
safest 
to 
execute 
the 
worst-case 
initialization 
sequence 
(sync 
mode 
with 
two 
sync 


characters). 
Loading 
three OOHsconsecutively 
into 


the device with C/O = 1 configures 
sync operation 


and writes 
two dummy 
OOHsync characters. 
An In- 


ternal 
Reset command 
(40H) may then be issued to 


return 
the device to the "Idle" 
state. 


inter 


TRANSMIT 
ENABLE 


1 = enable 


0= 
disable 


DATA 
TERMINAL 
READY 
"high·' 
will force OTR 


output 
10 lera 


RECEIVE 
ENABLE 


1 
- 
enable 
o 
dl~able 


SEND BREAK 


CHARACTER 


, 
~ forces 
TllO 
"low" 


o 
= 
normal 
operatIon 


ERROR RESET 
1 = reset 
error 
flags 


PE,OE, 
FE 


REQUEST 
TO SEND 


"high" 
will 
force 
FiTs 
output 
10 le.o 


ENTER 
HUNT 
MODE' 


1 = enable search 10' Sync 
Chatacter, 


• IHA5 
NO 
EFFECT 


)N 
A$YNC 
MODEJ 


Note: 
Error 
Reset 
must 
be 
performed 
whenever 
RxEnable 


and 
Enter 
Hunt 
are programmed. 


In data communication 
systems it is often necessary 


to examine the "status" 
of the active device to ascer- 


tain if errors 
have occurred 
or other conditions 
that 


require 
the 
processor's 
attention. 
The 8251A 
has 


facilities 
that allow 
the programmer 
to "read" 
the 


status 
of the device 
at any time 
during 
the func- 


tional 
operation. 
(Status 
update 
is inhibited 
during 


status 
read.) 


A normal "read" 
command 
is issued by the CPU with 


ciiS = 1 to accomplish 
this function. 


Some 
of the bits 
in the Status 
Read Format 
have 


identical 
meanings 
to external 
output 
pins so that 


the 8251A 
can be used 
in a completely 
polled 
or 


interrupt-driven 
environment. 
TxRDY 
is 
an 


exception. 


Note that status 
update can have a maximum 
delay 


of 28 clock 
periods 
from the actual 
event affecting 


the status. 


PAAITY 
ERROR 


The PE flag IS set when a partty 
error ,sdetected. 
It:s reset by 
the EA bit of the Command 


Instruction 
PE does 
not 
inhibit 
opeullon 
01 the 8251 A 


OVERRUN 
ERROR 


The OE flag " sel when the CPU 
does not read a character 
before 


the nellt one becomes available 
It ISreset by the f R bit 01 the 
Command 
Instruction, 
OE does 


not inhIbit operatIon 
of the 8251 A 


however, the preYlOusly ovtlrfun 
character 
ISlost 


FRAMING 
ERROR 
IAsync only) 


The FE flag 's set when a valid 
Stop bit ISnOI delecled 
at the 
end 01 every character 
It" 
reset 
by the ER bit olthe 
Command 


InSlructlon 
FE does nolmh,bll 


the operatIon 
01 the 8251 A 


Note 
1; 
TxRDY 
status bit has different 
meanings from 
the 


TxRDY 
output 
pin', The former 
is not conditioned 


by CTS and TxEN, 
the latter 
is conditioned 
by both 


CTS and TxEN. 


i.e. TxR OY status bit 
= DB Buffer 
Empty 


TxRDY 
pin out 
~ DB Buffer 
Emptv 
·ICTScOI· 
ITxEN~lJ 


Figure 
14. Asynchronous 
Serial 
Interface 
to CRT 


Terminal, 
DC-9600 
Baud 


SYNCHRONOUS 
TERMINAL 
OR 
PERIPHERAL 
DEVICE 


Figure 15. Synchronous Interface to Terminal or 
Peripheral Device 


PHONE 


LINE 
INTER· 


FACE 


Figure 16. Asynchronou~ Interface to Telephone 


Lines 


PHONE 


LINE 
INTER· 
fACE 


Figure 17. Synchronous Interface to Telephone 


Lines 


inter 


Ambient Temperature 
Under Bias 
O°Cto 70°C 


Storage Temperature 
-65°C to +150°C 


Voltage On Any Pin 
With Respect To Ground 
.......•..... 
-0.5V 
to + 7V 
Power Dissipation 
_ 
1 Watt 


'NOTICE: 
Stresses above those listed 
under 
"Absolute 


Maximum Ratings" 
may cause permanent 
damage to the 


device. This is a stress rating only and functional 
operation 


of the device at these or any other conditions 
above those 


indicated 
in the operational 
sections of this specification 


is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
,1 
I 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
! 
2.2 
Vee 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.2 mA 


VOH 
- . 
Output High Voltage 
2.4 
V 
IOL = -400 
!LA 


IOFL 
Output Float Leakage 
±10 
!LA 
Your = Vee TO 0.45V 


IlL 
Input Leakage 
±10 
!LA 
VIN = Vee TO 0.45V 


Ice 
Power Supply Current 
100 
mA 
All Outputs = High 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


C1N 
Input Capacitance 
10 
pF 
fc = 1MHz 


Clio 
I/O Capacitance 
20 
pF 
Unmeasured 
pins returned 


to GND 


A.C. CHARACTERISTICS 
(TA = O°Cto 70°C, Vee = 5.0V ±5%, GND = OV) 
Bus Parameters 
(Note 1) 


READ CYCLE 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAR 
Address Stable Before READ (CS. C/D) 
0 
ns 
Note 2 


tRA 
Address Hold Time for READ (CS. C/D) 
0 
ns 
Note 2 


tRR 
READ Pulse Width 
250 
ns 
- 


tRO 
Data Delay from READ 
200 
ns 
3, CL = 150pF 
•,. l~ .., 


tOF 
READ to Data Floating 
10 
100 
ns 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Condtlons 


tAW 
Address Stable Before WRITE 
0 
ns 


tWA 
Address Hold Time for WRITE 
0 
ns 


tww 
WRITE Pulse Width 
250 
ns 


tow 
Data Set-Up Time for WRITE 
150 
ns 


two 
Data HoldTime 
for WRITE 
20 
ns 


tRY 
Recovery Time Between WRITES 
6 
teY 
Note 4 


inter 


A.C. CHARACTERISTI~S 
(Continued) 


OTHER 
TIMINGS 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tCY 
Clock Period 
320 
1350 
ns 
Notes 5, 6 


lp 
Clock High Pulse Width 
- 
140 
tCy-90 
ns 


tp 
Clock Low'Pulse Width 
90 
ns 
.',' 


tR, tF 
Clock Rise and Fall Time 
20 
ns 


tDTx 
TxD Delay from Falling Edge of TxC 
1 
!J.s 
, 


fTx 
Transmitter 
Input Clock Frequency 
1x Baud Rate 
DC 
64 
kHz 
16x Baud Rate 
DC 
310 
kHz 
64x Baud Rate 
DC 
615 
kHz 


tTPW 
Transmitter 
Input Clock Pulse Width 
1x Baud Rate 
12 
tCY 
16x and 64x Baud Rate 
1 
tCY 
, 
, 
F 


tTPD 
Transmitter Input Clock Pulse Delay 


1x Baud Rate 
15 
tCY 
16x and 64x Baud Rate 
3 
tCY 


fRx 
Receiver Input Clock Frequency 
1x Baud Rate 
DC 
64 
kHz 
16x Baud Rate 
DC 
310 
kHz 
64x Baud Rate 
DC 
615 
kHz 


tRPW 
Receiver Input Clock Pulse Width 
1x Baud Rate 
12 
tCY 
16x and 64x Baud Rate 
. 
1 
tCY 


tRPD 
Receiver Input Clock Pulse Delay 
1x Baud Rate 
15 
tCY 
16x and 64x Baud Rate 
3 
tCY 


tTxRDY 
TxRDY Pin Delay from Center of Last Bit 
8 
tCY 
Note 7 


tTxRDY CLEAR 
TxRDY i from Leading Edge of WR 
400 
ns 
Note 7 


tRxRDY 
RxRDY Pin Delay from Center of Last Bit 
26 
tCY 
Note 7 


tRxRDY CLEAR 
RxRDY i from Leading Edge of RD 
400 
ns 
Note 7 


tiS 
Internal SYNDET Delay from Rising 
Edge of RxC 
26 
tCY 
Note 7 


tES 
External SYNDET Set-Up Time After 
Rising Edge of RxC 
18 
tCY 
Note 7 


tTxEMPTY 
TxEMPTY Delay from Center of Last Bit 
20 
tCY 
Note 7 


twc 
Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTSj 
8 
tCY 
Note 7 
" 


tCR 
Control to READ Set-Up Time (DSR, CTS) . 
20 
tCY 
Note 7 


m-C~AKA\; I t:KI~ II\;~ 
(\;OntInUeaJ 


NOTES: 
1. AC timings measuredVOH = 2.0 VOL = 2.0, VOL = 0.8, and with load circuit 
of Figure 1. 


2. Chip Select (CS) and Command/Data 
(C/O) are considered 
as Addresses. 
3. AssumeS that Address is valid before RD~' 
4. This recovery time is for Mode Initialization 
only. Write Data is allowed only when TxRDY = 1. Recovery Time between 
Writes for Asynchronous 
Mode is 8 tCY and for Synchronous 
Mode is 16 tCY' 
5. The TxC and RxC frequencies 
have the following 
limitations 
with respect to ClK: 
For 1x Baud Rate, fTx or fRx ,,;;1/(30 
tCY): 
For 16x and 64x Baud Rate, fTx or fRx ";;1/(4.5 tCY)' 
6. Reset Pulse Width = 6 tCY minimum; 
System Clock must be running 
during 
Reset. 


7. Status update can have a maximum 
delay of 28 clock periods from the event affecting 
the status. 


"J: 
x= 


2.0 
2.0 
> TesT 
POINTS < 


0.45 
0.8 
0.8 


A.C. TESTING: 
INPUTS 
ARE DRIVEN 
AT 2.4V FOR A LOGIC 
"1" AND O.45V 
FOR 


A LOGIC 
0" 
TIMING 
MEASUREMENTS 
ARE MAOE AT 2.0V 
FOR A LOGIC 
..,.. 


AND 0 BV FOR A LOGIC 
"0." 


inter 


~ 


--j 
C'oT' 
'oT'--j t= 
===X~ 
---J~~- 
_- 
_- 
_- 
_- 
_- 
_- 
_- 
_- 
_- 
_- 
_- 
_- ---J-X::::= 


'i 
IH tR_ROY 
CLEAR 


Rd 
-- 
~---.-RR-~.y,---- 


---lj r-'Ao 
- 
I-'oF 


DATA OUT ACTIVE 
DATA 
FLOAT 


inter 


WRITE 
CONTROL 
OR OUTPUT 
PORT CYCLE (CPU 
-'> USART) 


(~E~ 
~~ 
=x 
_ 


I::: 'we:..j 
-------~ 
I-'ww-I·------- 
w. 
'L.-X 


I-'tow -:=i two 


1~~~'EC::, 
::::::::::::::::::::::::=X, 
_ 
__ 
I-=-_,eR--=:IL 
'RR_1__ 


Rd 
~"_~.. 
X 
~ 
1- 'Ro 
1- '0' 


-I'AR 
Os --------'l.~ 
~ 


TIt READY 


(PIN) 


c/o 


1)_NM.""lD 


•.•DATACHAR4 


iii~ 
:;c 


inter 
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8256 
MULTIFUNCTION 
UNIVERSAL 
ASYNCHRONOUS 
RECEIVER-TRANSMITTER 
(MUAR'ij 


• 
Programmable Serial Asynchronous 
Communications 
Interface for 5·,6·, 7-, 


or 8·Blt Characters, 1, 1112, or 2 Stop 
Bits, and Parity Generation 


• 
On· Board Baud Rate Generator 
Programmable 
for 13 Common Baud 
Rates up to 19.2K Bits/second, 
or an 
External Baud Clock Maximum of 1M 
Bit/second 


• 
Five 8·Bit Programmable Timer/ 
Counters; Four Can Be Cascaded to 
Two 16·Bit Timer/Counters 


• 
Two 8·Bit Programmable 
Parallel 110 


Ports; Port 1 Can Be Programmed for 
Port 2 Handshake Controls and Event 
Counter Inputs 


• 
Eight-Level 
Priority Interrupt Controller 


Programmable 
for 8085 or IAPX 86, 


iAPX 88 Systems and for Fully Nested 
Interrupt Capability 


• 
Programmable System Clock to 1 x , 
2 x , 3 x , or 5 x 1.024 MHz 


The Intel<IP8256 Multifunction Universal Asynchronous Receiver-Transmitter (MUART) combines five com- 
monly used functions into a single 40-pin device. It is designed to interface to the 8048,8085A, iAPX 86, and 
iAPX 88 to perform serial communications, parallel I/O, timing, event counting, and priority interrupt func- 
tions. All of these functions are fully programmable through nine internal registers. In addition, the five 
timer/counters and two parallel I/O ports can be accessed directly by the microprocessor. 


cs 
iiii 
WI! 


ALE 


RESET 


INTA 


INT 


ADO 
, 
40 
Vcc 


AD' 
Pl0 


AD2 
Pll 


AD3 
P12 


AD4 
P13 


DBS 
P14 


DB6 
PIS 


DB7 
P16 


ALE 
P17 


iiii 
P2Q 


P21 


P22 


P23 


INTA 
P24 


.NT 
26 
P2S 


EXTINT 
P26 


eLK 
P27 


l\iC 


RxD 


GND 


Symbol 
Pin No. 
Type 
Nlml 
lnet 
Function 


ADO-AD4 
1-5 
110 
AddrlsslDltl: 
Three·State 
AddresslData 
DB5-DB7 
6-B 
lines 
which 
interface 
with 
the CPU lower 


B·bit address/data 
bus. The 5·bit address 
is latched 
on the falling 
edge of ALE. 
In 
8048 and 8085 mode, ADO-AD3 
are used 
to select 
the proper 
register, 
while 
AD1- 
AD4 
are 
used 
in 8086 
and 
8088 
mode. 


The B·bit bidirectional 
data bus Is either 
written 
Into 
or 
read 
from 
the 
chip 
depending 
on the latched 
CS and RD or 
WR. 


ALE 
9 
I 
Address 
Lotch 
Enlble: 
Latches 
the 
5 
address 
lines 
on 
ADO-AD4 
and CS on 
the failing 
edge. 


RD 
10 
I 
Reid 
Control: 
When 
this 
signal 
Is low, 
the 
previously 
selected 
register 
is 
enabled 
onto 
the data 
bus. 


WI\" 
11 
I 
Write 
Control: 
When 
this 
signal 
Is low, 
the value 
on the data 
bus Is placed 
ioto 
the previously 
selected 
register. 


RESET 
12 
I 
Pulse 
provided 
by the 
CPU to initialize 
the system. 
The MUART 
remains 
"Idle" 


until 
it is reprogrammed 
by the CPU. 


CS 
13 
I 
Chip 
Select: 
A 
low 
on 
this 
signal 
enables 
the 
MUART. 
it is latched 
with 


the address 
on the failing 
edge 
of ALE, 


and 
RD and WR 
have 
no ellect 
unless 
es was 
latched 
low 
during 
the 
ALE 
cycle. 


INTA 
14 
I 
Intlrrupt 
Acknowledge: 
If 
the 
MUART 
has 
been 
enabled 
to 
respond 
to 
inter· 
rupts, 
it puts 
an RST on the bus for the 


8085 or a vector 
for the 8086. The bit 
In 


the interrupt 
register 
is reset when the 


interrupt 
is placed 
onto 
the bus. 


INT 
15 
0 
Interrupt: 
A high 
signals 
the 
CPU 
that 
the MUART 
needs 
service. 


EXTINT 
16 
I 
Exteml' 
Interrupt: 
A 
high 
on 
this 
pin 
signals 
that 
an external 
device 
requests 


service. 
EXTINT 
must 
be held high 
until 
INTA or read interrupt 
occurs. 


CLK 
17 
I 
System 
Clock: 
This 
input 
provides 
an 
accurate 
timing 
source 
for the MUART. 


it 
must 
be 
1x, 
2x, 
3x, 
or 
5x 


1.024MHz 
and 
is used 
by the 
baud 
rate 
generator 
and real time 
clocks. 


RxC 
1B 
I/O 
Receive 
Clock: 
If 
baud 
rate 
0 
is 
selected, 
this 
input 
clocks 
bits into 
RxD 


on the 
rising 
edge. 
If a baud 
rate 
from 


1-0F'6 
is 
selected, 
this 
output 
will 
provide 
a rising 
edge at the center 
of 
each 
received 
data 
bit. 
This 
output 
remains 
high 
during 
start, 
stop, 
and 
parity 
bits. 


RxD 
19 
I 
Receive 
oetl: 
Serial 
data input 
from the 
modem 
or terminal 
to the MUART. 


GND 
20 
PS 
Ground: 
Power 
supply 
and logic 
ground 


reference. 


Symbol 
Pin No. 
Type 
Neme 
lnet Function 


Vcc 
40 
PS 
Power: 
+ 5V POWER 
supply. 


P17-P10 
32-39 
I/O 
PllIllell/O 
Port 1: Each pin can be pro- 


grammed 
as an input 
or an output 
to 


perform 
general 
purpose 
I/O functions 


for 
the 
CPU 
under 
software 
control. 
In 


addition 
to general 
I/O, I/O Port 1 can be 


programmed 
to 
a 
variety 
of 
special 


functions 
for 
handshake 
control, 


counter 
inputs, 
and 
special 
com- 


munications 
functions. 


P27-P20 
24-31 
I/O 
Perallel 
I/O Port 
2: Each 
nibble 
(4 bits) 


of this 
port 
can be either 
an Input 
or an 
output. 
Also, 
this 
port 
can be used 
as a 


bidirectional 
B·blt port 
using 
handshake 


lines 
in Port 
1. 


TxO 
23 
0 
Transmit 
olte: 
This 
output 
carries 
the 


serial 
data 
to 
the 
terminal 
or 
modem 
from 
the MUART. 


TxC 
22 
I/O 
Transmit 
Clock: 
If the 
baud 
rate 
is 0, 


this 
input 
clocks 
data 
out 
of the 
trans· 


mitter 
on the falling 
edge. 
If a baud rate 
of 1 or 2 is selected, 
this 
input 
permits 
the user to provide 
a 32 x 
or 64 x 
clock 


which is used for the receiver and trans~ 


mitter. 
If the 
baud 
rate 
is 3-0F'6' 
the 
internal 
transmitter 
clock 
is output. 
If 


1'12 
stop 
bits 
are 
selected 
and 
characters 
are 
continuously 
transmit- 


ted, the internal 
baud rate generator will 


be reset 
at the end of the stop 
bits 
and 


the 
clock 
will 
have 
a 
small 
positive 


spike 
instead 
of a half 
clock. 
A hlgh·to· 


low transition 
occurs at the beginning 
of 


each bit and a low-ta-high 
transition 
at 


the center of each bit. 


CTS 
21 
I 
Cleor 
to 
Send: 
This 
input 
enables 
the 


serial 
transmitter. 
If CTS is 
low, 
any 
character 
in the transmitter 
buffer 
will 


be sent. 
A single 
negative·going 
pulse 


causes 
the 
transmission 
of 
a single 


previously 
loaded character 
out of the 


transmitter 
buffer. 
If this 
pulse 
occurs 


when 
the 
buffer 
is empty 
or during 
the 


1- 
transmission 
of a character 
up to 0.5 of 


the 
first 
stop 
bit, 
it will 
be Ignored. 
If a 


baud 
rate from 
1-0F'6 
is selected, 
CTS 


must 
be low for at least 1/32 of a bit, or it 


will 
be ignored. 


, 


The 
8256 
Multi-Function 
Universal 
Asynchronous 


Receiver-Transmitter (MUART) combines five commonly 
used functions 
onto a single 40-pin device. The MUART 


performs asynchronous serial communications, 
parallel 


I/O, timing, event counting, and interrupt control. 


Serial Communications 


The 
serial 
communications 
portion 
of 
the 
MUART 


contains 
a 
full-duplex 
asynchronous 
receiver- 


transmitter 
(UART). A programmable baud rate genera- 


tor is included 
on the MUART to permit a variety of 


operating 
speeds without 
external 
components. 
The 


UART can be programmed by the CPU for a variety of 
character sizes, parity generation and detection, 
error 


detection, 
and start/stop 
bit 
handling. 
The receiver 


checks the start and stop bits in the center of the bit, 
and a break halts the reception of data. The transmitter 
can send breaks and can be controlled 
by an external 


enable pin. 


Parallel 110 


The MUART includes 16 bits of general purpose parallel 
I/O. Eight bits (Port 1) can be individually changed from 
input to output or used for special I/O functions. 
The 


other eight bits (Port 2) can be used as nibbles (4 bits) or 
as bytes. These eight bits also include a handshaking 
capability 
using two pins on Port 1. 


Counter/Timers 


There are five 8-bit counterltimers 
on the MUART. The 


timers 
can be programmed 
to use either a 1kHz or 


16kHz clock generated from the system clock. Four of 
the 8-bit counter/timers 
can be cascaded to two 16·bit 


counter/timers, 
and one of the 8-bit counterltimers 
can 
be reset to its initial value by an external signal. 


Interrupts 


An 
eight-level 
priority 
interrupt 
controller 
can 
be 


configured 
for fUlly nested or normal interrupt priority. 
Seven of the eight interrupts 
service functions 
on the 


MUART (counterltimers, 
UART), and one external inter- 


rupt is provided which 
can be used for a particular 


function 
or for chaining 
interrupt 
controllers 
or more 


MUARTs. The MUART will 
support 
8085 and 8086/88 


systems with direct interrupt vectoring, or the MUART 
can be polled to determine the cause of the interrupt. 


FRQ - 
Timer Frequency Select 


This bit selects between two frequencies 
for the five 


timers. If FRO=O, the timer input frequency is 16kHz 
(62.5,..s).If FRO = 1, the timer input frequency is 1kHz 
(1ms). The selected clock frequency is shared by all the 
counterltimers 
enabled for timing; thus, all timers must 


run with the same time base. 


8086 - 
8086 Mode Enable 


This bit selects between 8048/8085 mode and 8086/8088 
mode. In 8085 mode (8086= 0), AO to A3 are used to 
address the internal registers, and an RST instruction 
is 


generated in response to the first INTA. In 8086 mode 
(8086= 1), A1 to A4 are used to address the internal 
regi:>ters, and AO is used as an extra chip select (AO 
must equal zero to be enabled). The response to INTA is 
for 8086 interrupts where the first INTA is ignored, and 
an interrupt vector (4016to 471el is placed on the bus in 
response to the second INTA. 


BITI - 
Interrupt on Bit Change 


This bit disables the Timer 2 interrupt and enables an 
interrupt when a low-to-high transition 
occurs on pin 7 


of Port 1 (pin 32). 


BRKI - 
Break·ln Detect Enable 


This bit enables the break-in detect feature. A break-in is 
detected when pin 6 of Port 1 (pin 33) is low during the 
first stop bit of a transmitted 
character. This could be 


used to detect a break-in condition 
by connecting 
the 


serial transmission 
line to pin 33. A break-in detect is 


OR-ed with break detect in bit 3 of the Status Register. If 
RxC and TxC are used for the serial bit rates, break-in 
cannot be detected. 


SO,S1 - 
Stop Bit Length 


S1 
SO 
Stop Bit Length 


o 
0 
1 
o 
1 
1.5 
1 
0 
2 
1 
1 
0.75 


If 
0.75 stop 
bits 
is 
selected, 
CfS 
becomes 
edge 


sensitive rather than level sensitive. A high-to-Iow tran- 
sition of CTS immediately 
initiates the transmission 
of 


the 
next 
character. 
A high-to-Iow 
transition 
will 
be 


ignored if the transmit 
buffer is empty, or if it occurs 


before 0.75 of the first stop bit. It will shorten the stop 


bit if it occurs 
after 
314 of the stop bit has been sent. If 


CfS is high or low or a low-to-high 
transition 
occurs, the 


transmitter 
remains 
idle. 


LO, L1 - 
Character 
Length 


L1 
LO 
Character Length 
o 
0 
8 
o 
1 
7 
1 
0 
6 
1 
1 
5 


BO, B1, B2, B3 - 
Baud Rate Select 


83 
82 
81 
80 
8aud Rate 
Sampling Rate 
0 
0 
0 
0 
TxC, RxC 
1 


0 
0 
0 
1 
TxC/64 
64 
0 
0 
1 
0 
TxC/32 
32 
0 
0 
1 
1 ' 
19200 
32 
0 
1 
0 
0 
9600 
64 
0 
1 
0 
1 
4800 
64 
0 
1 
1 
0 
2400 
64 
0 
1 
1 
1 
1200 
64 


1 
0 
0 
0 
600 
64 


1 
0 
0 
'1 
300 
64 


1 
0 
1 
0 
200 . 
64 


1 
0 
1 
1 
150 
64 


1 
1 
0 
0 
110 
64 


1 
1 
0 
1 
100 
64 


1 
1 
1 
0 
75 
64 


1 
1 
1 
1 
50 
64 


If the 
baud 
rate 
is 0, then 
both 
the 
transmitter 
and 


receiver 
operate 
from 
separate 
external 
clocks. 
If the 


baud rate is 1 or 2, then both the transmitter 
and receiver 


divide the TxC by 64 or 32, respectively. 


CO, C1 - 
System 
Clock Divider 


C1 
CO 
Divider Ratio 
System Clock Frequency 


0 
0 
5 
5.120 MHz 


0 
1 
3 
3.072 MHz 


1 
0 
2 
2.048 MHz 


1 
1 
1 
1.024MHz 


EP - 
Even Parity 


If parity is enabled, then even parity 
is enabled 
by a 1 


and odd parity is enabled by a O. 


PEN - 
Parity Enable 


This enables 
parity detection 
and generation. 
The type 


of parity is determined 
by the EP bit. 


Command 
Register 
3 is different 
from 
the 
first 
two 


registers 
because 
it 
has 
a 
bit 
set/reset 
capability. 


Writing 
a byte with bit 7 high sets any bits which were 


also high. Writing 
a byte with bit 7 low resets any bits 


which were high. If any bit 0-6 is low, no change occurs 
to that bit. When Command 
Register 3 is read, bits 0, 3, 


and 7 will always be zero. 


RST - 
Reset 


If RST is set, the following 
events occur: 


1. All bits in the Status Register except bits 4 and 5 are 


cleared, and bits 4 and 5 are set. 


2. The Interrupt 
Enable, Interrupt 
Request, and Interrupt 


Service Registers 
are cleared. 


3. The receiver and transmitter 
are reset. The transmit- 


ter goes idle (TxD is high); and the receiver 
enters 


start bit search mode. 


4. If Port 2 is programmed 
for handshake mode, IBF and 


OBF are reset high. 


RST does not alter 
ports, 
data registers 
or command 


registers, 
but it halts any operation 
in progress. 
RST is 


automatically 
cleared. 


TBRK - 
Transmit 
Break 


This causes 
the transmitter 
data to be set low, and it 


stays 
low until 
TBRK is cleared. 
As long as break is 


active, data transfer 
from the Transmitter 
Buffer to the 


Transmitter 
Register 
will be inhibited. 


SBRK - 
Single Character 
Break 


This causes the transmitter 
data to be set low for one 


character 
including 
start 
bit, data bits, 
parity 
bit, and 


stop bits. SBRK is automatically 
cleared when time for 


the 
last 
data. bit 
has 
passed. 
It will 
start 
after 
the 


character 
in progress 
completes 
and will delay the next 


data transfer 
from the Transmitter 
Buffer 
to the Trans- 


mitter 
Register 
until 
TxD returns 
to an idle (marking) 


state. If both TBRK and SBRK are set, break will be sent 
as long as TBRK is set, but SBRK will be cleared after 
one character 
time 
of break. 
If SBRK 
is set again, 
it 


remains set for another character. 
The user can send a 


definite 
number of break characters 
in this manner by 


clearing 
TBRK after setting 
SBRK for the last character 


time. 


END - 
End of Interrupt 


If fully nested interrupt 
mode is selected, 
this bit resets 


the 
currently 
served 
interrupt 
level 
in 
the 
Interrupt 


Service Register. 
This command must occur at the end 


of each interrupt 
service routine 
during 
fully 
nested 


inter 


interrupt mode. END is automatically 
cleared when the 


Interrupt 
Service 
Register 
(internal) 
is cleared. See the 


NIE 
description 
for 
more 
information 
on 
nested 


interrupt 
servicing. 
END is ignored 
if nested 
interrupts 


are not enabled. 


NIE - 
Nested 
Interrupt 
Enable 


This bit enables 
fUlly nested 
interrupts. 
In this 
mode, 
the service 
routine 
for a lower priority 
interrupt 
can be 


interrupted 
by a request from a higher priority 
task. 


In fully nested interrupt 
mode, fjij'fA or reading the Inter- 
rupt Address 
Register 
resets the highest 
priority 
inter- 


rupt bit in the Interrupt 
Register (internal), 
sets the cor- 
responding 
bit 
in 
the 
Interrupt 
Service 
Register 


(internal), 
and 
resets 
INT. 
If an 
interrupt 
of 
higher 


priority 
than the currently 
served interrupt 
is requested 


or the END bit is set while another 
interrupt 
request 
is 


pending, 
the INT line will go high again. If an interrupt 


service 
routine 
is interrupted 
by an interrupt 
of higher 


priority, 
two 
or 
more 
bits 
in 
the 
Interrupt 
Sert'ice 


Register 
will be set. 


If NIE is low, interrupt 
priority 
is used only when two 


interrupts 
occur 
at the same time. 
INT will 
be high as 


long as the CPU has not responded 
to all the interrupts 


in the Interrupt 
Register. 


IAE - 
Interrupt 
Acknowledge 
Enable 


This 
bit enables 
an automatic 
response 
to INTA. The 


particular 
response 
is determined 
by the 8086 bit 
in 


Command 
Register 
1. 


RxE - 
Receiver Enable 


This bit enables the serial receiver. The Receiver Buffer 
and 
all 
receiver 
status 
information 
will 
be disabled 


except for the break detect 
status. 


SET - 
Bit Set/Reset 


If this bit is high during a write to Command 
Register 3, 
then any bit marked by a high will 
be set. If this bit is 


low, then any bit marked by a high will be cleared. 


P2C2 
o 
o 
o 
o 


1 


1 


1 
1 


Direction 
Mode 
Upper 
Lower 
nibble 
Input 
Input 
nibble 
Input 
output 


nibble 
output 
input 
nibble 
output 
output 


byte handshake 
input 
byte handshake 
output 


DO NOT USE 
test 


P2C1 
o 
o 


1 


1 
o 
o 
1 
1 


P2CO 
o 
1 
o 
1 
o 


1 
o 
1 


If test 
mode 
is selected 
and 
BRG of 
Port 
1 Control 


Register 
is set, then the output 
from the internal 
baud 


rate generator 
is placed on pin 4 of Port 1 (pin 35). 


CT2, CT3 - 
Counter/Timer 
Mode 


If CT2 or CT3 are high, then counterltimer 
2 or 3 respec- 


tively 
is configured 
as an event counter 
on pin 2 or 3 


respectively 
of Port 1 (pins 37 or 36). The event counter 


decrements 
the count by one on each low-to-high 
tran- 


sition of the external input. If CT2 or CT3 is low, then the 
respective 
counterltimer 
is configured 
as a timer 
and 


the Port 1 pins are used for parallel 
110. 


T5C - 
Timer 5 Control 


If T5C is set, then Timer 5 can be preset and started 
by 


an external signal. Writing 
to the Timer 5 Register loads 
the Timer 5 Save Register and stops the timer. A high-to- 
low transition 
on pin 5 of Port 1 (pin 34) loads the timer 


with the saved value and starts the timer. The next high- 
to-low 
transition 
on 
pin 
5 
retriggers 
the 
timer 
by 


reloading 
it with the initial 
value and continues 
timing. 


When 
the 
timer 
reaches 
zero 
it 
issues 
an interrupt 


request, 
disables 
its 
interrupt 
level 
and 
continues 


counting. 
A subsequent 
high-to-Iow 
transition 
on pin 5 


resets 
Timer 
5 to 
its 
initial 
value. 
For another 
timer 
interrupt, 
the Timer 5 interrupt 
enable bit must 
be set 


again. 
. 


T35, T24 - 
Cascade Timers 


These 
two 
bits 
cascade 
Timers 
3 and 5 or 2 and 4. 


Timers 2 and 3 are the lower bytes, while Timers 4 and 5 
are the upper bytes. If T5C is set, then both Timers 3 and 
5 can be preset and started by an external pulse. When a 
high-to-Iow 
transition 
occurs, 
Timer 
5 is preset 
to its 


saved value, but Timer 3 is always preset to all ones. If 
either CT2 or CT3 is set, then the corresponding 
timer 


pair is a 16-bit event counter. 


Each bit in the Port 1 Control 
Register 
configures 
the 


direction 
of the corresponding 
pin. If the bit is high, the 


pin is an output, and if it is low the pin is an input. Every 
Port 1 pin has another 
function 
which 
is controlled 
by 


other registers. 
If that special 
function 
is disabled, 
the 


pin functions 
as a general 
110 pin as specified 
by this 


register. 
The special 
functions 
for each 
pin are des- 


cribed below. 


Port 10, 11 - 
Handshake 
Control 


If byte handshake 
control 
is enabled 
for Port 2 by the 


Mode Register, then Port 10 is programmed 
as SfB/ACK 
handshake 
control 
input and Port 11 is programmed 
as 
IBF/OBF handshake 
control 
output. 


If byte handshake 
mode is enabled for output 
on Port 2, 


Om:' indicates 
that a character 
has been loaded into the 


inter 


Port 2 output buffer. When an external device reads the 
data, it acknowledges this operation by driving ACK low. 
OBF is set low by writing to Port 2 and is reset high by 
"ACK. 


If byte handshake mode is enabled for input on Port 2, 
STB is an input to the MUART to latch the data into Port 
2. After the data is latched,lBF 
is driven low. IBF is reset 


high when Port 2 is read. 


Port 12, 13 - 
Counter 2, 3 Input 


If Timer 2 or Timer 3 is programmed as an event counter 
by the mode register, then Port 12 or 13 is the counter 
input for Event Counter 2 or 3, respectively. 


Port 14 - 
Baud Rate Generator Output Clock 


If test 
mode is enabled by the Mode Register and 


Command Register 2 baud rate select is greater than 2, 
then Port 14 is an output from the internal baud rate 
generator. 


Port 15 - 
Timer 5 Trigger 


If T5C is set 
in the 
Mode Register 
enabling 
a re- 


triggerable timer, then Port 15 is the input which starts 
and reloads Timer 5. 


Port 16 - 
Break-in Detect 


If break-in detect 
is enabled 
by BRKI in Command 


Register 1, then this input is used to sense a break·in. If 
Port 16 is low while the serial transmitter is sending the 
last stop bit, then a break·in condition 
is signaled. 


Port 17 - 
Port Interrupt Source 


If BITI in Command Register 1 is set, then a low-to-high 
transition 
on Port 17 generates an interrupt request on 


priority level 1. 


Both the transmitter 
and the receiver in the MUART are 


fully double buffered. The Receiver Buffer full flag is 
cleared when the character is read. If the character is 
not read before the next character's first stop bit, then 
an overrun 
error is generated. 
Bytes written' to the 


Transmitter 
Buffer 
are 
held 
until 
the 
Transmitter 


Register (internal) is empty. If the Transmitter Register 
is empty, the byte is transferred 
immediately 
and the 


Transmitter Buffer empty flag is set. If a serial character 
length is less than 8 bits, then the unused most signifi· 
cant bits are set to zero on a read and are ignored on a 
write. 


Writing to Port 1 sets the data in the Port 1 output latch. 
Writing to an input pin does not affect the pin, but the 
data is stored and will be output if the direction of the 
pin is changed later. If the pin is used as a control 
signal, 
the pin will 
not be affected, 
but the data is 


stored. Reading Port 1 transfers the data in Port 1 onto 
the data bus. Reading an output pin or a control pin puts 
the data in the output latch (not the control signal) onto 
the data bus. 


L2 
L1 


(5W = enable, 
6W = disable) 


Interrupts are enabled by writing to the Set Interrupts 
Register (5W). Interrupts are disabled by writing to the 
Reset Interrupts Register (6W). Each bit set by the Set 
Interrupts Register (5W) will enable that level interrupt, 
and each bit set in the Reset Interrupts 
Register (6W) 


will disable that level interrupt. The user can determine 
which interrupts 
are enabled by reading the Interrupt 


Enable Register (5R). 


Priority 


Highest 
LO 


L1 


L2 


L3 


L4 


L5 


L6 


Lowest 
L7 


Source 


Timer 1 


Timer 2 or Port Interrupt 


External Interrupt 
(EXTINT) 


Timer 3 or Timers 3 & 5 


Receiver Interrupt 


Transmitter 
Interrupt 


Timer 4 or Timers 2 & 4 


Timer 5 or 


Port 2 Handshaking 


Writing to Port 2 sets the data in the Port 2 output latch. 
Writing to an input pin does not affect the pin, but it 
does store the data in the latch. Reading Port 2 puts the 
input pins onto the bus or the contents of the output 
latch for output pins. 


intJ 


03 
02 
01 
DO 


(OA'6-0E'6 
R) 
(OA'6-0E'6 
W) 


Reading Timer N puts the contents of the timer onto the 
data bus. If the counter changes while RO is low, the 
value on the data bus will not change. If two timers are 
cascaded, reading the high order byte will cause the low 
order byte to be latched. Reading the low order byte will 
unlatch 
them 
both. 
Writing 
to 
either 
timer 
or 
de- 
cascading them also clears the latch condition. Writing 
to a timer sets the starting value of that timer. If two 
timers 
are cascaded, writing 
to the high order byte 


presets the low order byte to all ones. Loading only the 
high order byte with a value of X leads to a count of 
X' 256+ 255. Timers count down continuously. 
If the 


interrupt is enabled, it occurs when the counter changes 
from 1 to O. When the interrupt 
is set in the Interrupt 


Register, interrupts 
are disabled in the Interrupt Mask 


Register. 


FE - 
Framing Error, Transmission Mode 


If transmission 
mode is disabled (in Modification 
Regis- 
ter), then FE indicates a framing error. A framing error is 
detected during the first stop bit. The error is reset by 
reading the Status Register or by a chip reset. A framing 
error does not inhibit the loading of the Receiver Buffer. 
If RxO remains low, the receiver will assemble the next 
character. The false stop bit is treated as the next start 
bit, and no high-to-Iow transition 
on RxO is required to 


synchronize the receiver. 


If transmission 
mode is enabled, then this bit is used to 


suggest the transmitter 
was sending. FE will be high if 


the transmitter 
is active during the reception 
of the 


parity bit (or last data bit for no-parity). It is reset if the 
transmitter 
is not active or by a chip reset. The bit is 


intended to imply that the received character is from the 
transmitter 
in half-duplex systems. 


OE - 
Overrun Error 


If the user does not read the character in the Receiver 
Buffer 
before 
the 
next 
character 
is 
received 
and 


transferred to this register, then the OE bit is set. The 
OE flag is set during the reception of the first stop bit 
and is cleared when the Status Register is read or when 
a chip reset occurs. 


PE - 
Parity Error 


A parity error is set during the first stop bit and is reset 
by reading the Status Register or by a chip reset. 


BD - 
Break Detect, Break·ln Detect 


If BRKI in Command Register 1 is set to enable break-in 
detect, then BO indicates a break-in condition. If Port 16 
is low during the transmission 
of the last stop bit, then 


BO will be set near the end of the last stop bit. Break-in 
detect can only be detected 
if ttle internal baud rate 


generator is used. Break-in remains set until the Status 
Register is read or the chip is reset. 


If BRKI is low, then BO indicates a break condition 
on 


the receiver. BO is set when the first stop bit of a break 
is sampled and will remain set until the Status Register 
is read or the chip is reset. The receiver will remain idle 
until the next high-to-low transition on RxO. A detected 
break inhibits the loading of the Receiver Buffer. 


TRE - 
Transmitter Register Empty 


This status bit indicates that the Transmitter Register is 
busy. It is set by a chip reset and when the last stop bit 
has left the transmitter. 
It is reset when a character is 


loaded into the Transmitter Register. If CTS is low, the 
Transmitter 
Register will be loaded during the trans- 


mission of the start bit. If CfS is high at the end of a 
character, TRE will remain high and no character will be 
loaded into the Transmitter Register until CTS goes low. 
If the transmitter 
was inactive 
before a character 
is 


loaded 
into 
the Transmitter 
Buffer, 
the Transmitter 


Register will be empty temporarily 
while the buffer is 


full. However, the data in the buffer will be transferred to 
the transmitter 
register immediately 
and TRE will be 


cleared while TBE is set. 


TBE - 
Transmitter Buffer Empty 


TBE indicates the Transmitter 
Buffer is empty and is 


ready to accept a character. TBE is set by a chip reset or 
the transfer of data to the Transmitter 
Register and is 


cleared when a character is written to the transmitter 
buffer. 


RBF - 
Receiver Buffer Full 


RBF is set when the Receiver Buffer has been loaded 
with a new character during the sampling of the first 
stop bit. RBF is cleared by reading the receiver buffer or 
by a chip reset. 


INT - 
Interrupt Pending 


The INT bit reflects the state of the INT pin (pin 15) and 
indicates 
an 
interrupt 
is 
pending 
in 
the 
Interrupt 


Register. It is reset by INTA or by reading the Interrupt 
Address Register if only one interrupt is pending and by 
a chip reset. 


FE, OE, PE, RBF, and break detect all generate a level 4 
interrupt when the receiver samples the first stop bit. 
TRE, TBE, and break-in detect generate a level 5 inter- 
rupt. TRE generates an interrupt when TBE is set and 
the 
Transmitter 
Register 
finishes 
transmitting. 
The 


!__.A. 
r 
of the bit (samPl~ 1f'm'e"::"'i'B). PIi'e''remIWllP§1dlY,Vi'lltffifMl 
break-in detect 
interrupt 
is issued at the same time as 


TBE or TRE. 
can be modified 
only if the receiver 
is not clocked 
by 


RxC. 
Modification 
Register 
Sample 
Time 


RS4 
RS3 
RS2 
RS1 
RSO=O 
RSO= 1 


0 
1 
1 
1 
2 
1 


0 
1 
1 
0 
4 
3 


DSC - 
Disable Start Bit Check 
0 
1 
0 
1 
6 
5 


DSC disables 
the receiver's 
start bit check. In this state 
0 
1 
0 
0 
8 
7 


the receiver 
will 
not be reset if RxD is not low at the 
0 
0 
1 
1 
10 
9 
center of the start bit. This function 
is disabled 
by a chip 
0 
0 
1 
0 
12 
11 
reset. 
0 
0 
0 
1 
14 
13 


0 
0 
0 
0 
16 
15 


TME - 
Transmission 
Mode Enable 
1 
1 
1 
1 
18 
17 


TME enables 
transmission 
mode and disables 
framing 
1 
1 
1 
0 
20 
19 


error 
detection. 
A chip 
reset 
disables 
transmission 
1 
1 
0 
1 
22 
21 


mode and enables framing 
error detection. 
1 
1 
0 
0 
24 
23 


1 
0 
1 
1 
26 
25 


RSO, RS1, RS2, RS3, RS4 - 
Receiver Sample Time 
1 
0 
1 
0 
28 
27 


The number 
in RSn alters 
when the receiver 
samples 
1 
0 
0 
1 
30 
29 


RxD. A chip reset sets this value to 0 which is the center 
1 
0 
0 
0 
32 
31 


inter 


8273,827~4,827~8 
PROGRAMMABLE HOLC/SOLC PROTOCOL 
CONTROLLER 
• CCITT X.25 Compatible 
• Programmable 
NRZI EncodelDecode 
• HDLC/SDLC 
Compatible 
• Two User Programmable 
Modem 


• Full Duplex, Half Duplex, or Loop 
Control Ports 


SDLC Operation 
• Digital Phase Locked Loop Clock 


• Up to 64K Baud Synchronous 
Recovery 


Transfers 
Minimum CPU Overhead 
• 
• Automatic 
FCS (CRC) Generation and 
" 


Checking 
• Fully Compatible 
with 8048/8080/80851 


Up to 9.6K Baud with On-Board Phase 
8088/8086 CPUs 
• 
Locked Loop 
• Single +5V Supply 


The Intel@ 8273 Programmable 
HOLC/SOLC 
Protocol 
Controller 
is a dedicated 
device Clesigned to support 
the ISO/ 
CCITT's HOLC and IBM'~ SOLC communication 
line protocols. 
It is fully compatible 
with Intel's new high performance 
microcomputer 
systems such as the MCS-88/86™. A frame level command set is achieved by a unique microprogrammed 
dual processor 
chip architecture. 
The processing 
capability 
supported 
by the 8273 relieves the system CPU of the low 
level real-time tasks normally 
associated 
with controllers. 


REGISTERS 


TxlNT RESULT 
COMMAND 


RxlNT AESUL T 
PARAMETER 


TEST MODE 
STATUS 


RESULT 


TICDRQ 


TIIDACK 


R.ORQ 


R.DACI< 


inter 


A BRIEF DESCRIPTION 
OF HDLC/SDLC 
PROTOCOLS 


General 


The High Level Data Link Control (HDLC) is 'a standard 
communication link protocol established by International 
Standards Organization 
(lsoL 
HDLC is the discipline 


used to implement ISO X25 packet switching systems, 


The Synchronous Data Link Control (SDLC) is an IBM 
communication 
link 
protocol 
used to implement 
the 


System Network Architecture (SNAL Both the protocols 
are bit oriented, code independent, and ideal for full 
duplex 
communication, 
Some 
common 
applications 


include terminal to terminal, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed data links. In systems which require expensive 
cabling 
and 
interconnect 
hardware, any of the two 


protocols could be used to simplify interfacing (by going 
serial), thereby reducing interconnect 
~ardware costs. 
Since both the protocols arespeed independent, reducing 
interconnect 
hardware 
could 
become 
an 
important 


application. 


Networlr 


In Dotntne HDLC and SDLC line protocols, according to a 
pre-assjgned hierarchy, a PRIMARY (Controil STATION 
controls 
the 
overall 
network 
(data link) 
and 
issues 


commands to the SECONDARY (Slave) STATIONS. The 
latter comply with instructions and respond by sending 
appropriate 
RESPONSES. Whenever 
a 
transmitting 


station must end transmission prematurely it sends an 
ABORT character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
FRAME.Time fill between frames can beaccomplished by 
transmitting 
either continuous frame preambles called 


FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen consecutive ones, the station goes into 
an IDLE state. 


Frames 


A single communication element is called a FRAMEwhich 
can be used for both Link Control and data transfer 
purposes. The elements of aframe arethe beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bit) INFORMATION FIELD (I), a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit end FLAG (F), having the same bit pattern as the 
beginning flag. In HDLC the Address (A) and Control (C) 
bytes are extendable. The HDLC and the SDLC use three 


types of frames; an Information Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initialization and 
control of the secondary stations. 


Frame 
Characteristics 
An important characteristic 
of a frame is that its con- 


tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system - 
it may even 


be a computer word length or a "memory dump". The 
frame is bit oriented that is, bits, not characters in each 
field, 
have 
specific 
meanings. 
The 
Frame 
Check 


Sequence (FCS) is an error detection scheme similar to 
the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic 
disk 
storage 
devices. The 
Command 
and 


Response information frames contain sequence numbers 
in the control 
fields identifying 
the sent and received 


frames. 
The 
sequence 
numbers 
are 
used 
in 
Error 


RecovE>ryProcedures (ERP)and as implicit acknowledge- 
ment of frame communication, enhancing the true full- 
duplex natUJeof the HDLC/SDLC protocols. 


In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore saves 
propagation delay times and have a potential of twice the 
throughput rate of BISYNC. 


It is possible to use HDLC or SDLC over half duplex lines 
but there is a corresponding loss in throughput because 
both are primarily 
designed for full-duplex 
communi- 


cation. As in any synchronous system, the bit rate is 
determined by the clock bits supplied by the modem, 
protocols themselves are speed independent. 


A byproduct 
of the use of zero-bit 
insertion-deletion 


technique 
is the non-return-to-zero 
invert (NRZIl data 


transmission/reception 
compatibility, 
The latter allows 


HDLC/SDLC 
protocols to be used with asynchronous 


data communication 
hardware in which the clocks are 


derived from the NRZI encoded data. 


IBM 
Synchronous 
Data 
Link 
Control 
Genera/Information, 
18M, GA27- 
3093-1, 


Standard 
Network 
Access 
Protocol 
Specification, 
DATA PAC, 
Trans- 


Canada 
Telephone 
System 
CCG111 
Recommendation 
X.25, ISO/CCITT 
March 2. 1976. 


IBM 3650 Retail Store System Loop Interface 
OEM Information, 
IBM, GA 
27-3098-0 


Guidebook 
to Data Communications, 
Training 
Manual, 
Hewlett-Packard 


5955-1715 


IBM Introduction 
to Teleprocessing, 
IBM, GC 20-8095-02 
System Network 
Architecture, 
Technical 
Overview, 
IBM, GA ~7-3102 


System 
Network 
Architecture 
Format and Protocol, 
IBM GA 27-3112 


01111110 
8 BITS 
8 BITS 
VARIABLE 
LENGTH 
16 BITS 
(ONLY 
IN 
I FRAMES) 
01111110 
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Pin 
Symbol 
No. 
Type 
Name and Function 


Vcc 
40 
Power Supply: 
+5V Supply. 


GND 
20 
Ground: 
Ground. 


RESET 
4 
I 
Reset: A high signal on this pin will 
force the 8273 to an i.dle state. The 
8273will remain idle until a command 
is issued by the CPU. The modem 
interface output 
signals are forced 
high. 
Reset 
must 
be true 
for 
a 
minimum of 10 TCY. 


CS 
24 
I 
Chip Select: 
The RD and WR inputs 
are enabled by the chip select input. 


DB7-DBo 
19- 
I/O 
Data Bus: The Data Bus lines are bi- 
12 
directional three-state lines which in- 
terface with the system Data Bus. 


WR 
10 
I 
Write Input: 
The Write signal is used 


to control 
the transfer 
of either 
a 


command or data from CPU to the 
8273. 


RD 
9 
I 
Read Input: 
The Read signal is used 


to control the transfer of either a data 
by1eor a status word from the 8273 
to the CPU. 


TxlNT 
2 
0 
Transmitter 
Interrupt: 
The Trans- 


mitter interrupt signal indicates that 
the transmitter logic requires service. 


RxlNT 
11 
0 
Receiver 
Interrupt: 
The Receiver 


interrupt signal indicates that the Re- 
ceiver logic requires service. 


TxDRQ 
6 
0 
Transmitter 
Data 
Request: 
Re- 
quests a transfer 
of data between 
memory and the 8273 for a transmit 
operation. 


RxRDQ 
8 
0 
Receiver DMA Request: 
Requests a 
transfer of data between the 8273and 
memory for a receive operation. 


TxDACK 
5 
I 
Transmitter 
DMA 
Acknowledge: 


The Transmitter 
DMA acknowledge 


signal 
notifies 
the 8273 that 
the 
TxDMA 
cycle 
has been 
granted. 


RxDACK 
7 
I 
Receiver 
DMA 
Acknowledge: 
The 
Receiver DMA acknowledge 
signal 
notifies 
the 8273 that the RxDMA 


cycle has been granted. 


A,-Ao 
22- 
I 
Address: 
These two lines are CPU 
21 
Interface Register Select lines. 


TxD 
29 
0 
Transmitter 
Data: 
This line trans- 


mits the serial data to the communi- 
cation channel. 


TxC 
28 
I 
nansmltter 
Clock: 
The transmitter 


clock 
is used to synchronize 
the 


transmit data. 


RxD 
26 
I 
Receiver 
Data: 
This 
line receives 


serial data from the communication 
channel. 


RxC 
27 
I 
Receiver Clock: The Receiver Clock 
is used to synchronize 
the receive 
data. 


Pin 
Symbol 
No. Type 
Name and Function 


32X ClK 
25 
'I, 
32X Clock: The 32X clock is used to 
provide 
clock 
recovery 
when 
an 


asynchronous 
modem 
is used. In 


loop configuration 
the loop station 


II 
can run without an accurate 1X clock 
by using the 32X ClK in conjunction 
with the DPll 
output. (This pin must 


be grounded when not used.) 


DPll 
23 
0 
Digital Phase Locked Loop: 
Digital 


Phase locked 
loop 
output 
can be 


tied to RxC and/or TxCwhen 1X clock 
is not available. DPll 
is used with 


32X ClK. 


FLAG DET 
1 
0 
Flag Detect: 
Flag Detect signals that 


a flag (01111110) has been received 
by an active receiver. 


RTS 
35 
0 
Request to Send: 
Request to Send 


signals that the 8273 is ready to trans- 
mit data. 


CTS 
30 
I 
Clear to Send: Clear to Send signals 
that the modem is ready to accept 
data from the 8273. 


CD 
31 
I 
Carrier 
Detect: 
Carrier 
Detect sig- 


nals that the line transmission 
has 


started and the 8273 may begin to 
sample data on RxD line. 


PA2•.• 
32- 
I 
General 
purpose 
Input ports: 
The 


34 
logic 
levels on these lines can be 


Read by the CPU through 
the Data 


Bus Buffer. 


PB,..• 
36- 
0 
General purpose output ports: 
The 


39 
CPU can write 
these output 
lines 


through Data Bus Buffer. 


ClK 
3 
I 
Clock: 
A square 
wave TTL clock. 


FUNCTIONAL 
DESCRIPTION 
General 


The 
Intel@! 8273 HOlC/SOlC 
controller 
is a microcom- 


puter 
peripheral 
device 
which 
supports 
the International 


Standards 
Organization 
(ISO) 
High 
level 
Data 
Link 


Control 
(HOlC), 
and IBM Synchronous 
Data Link Control 


(SOlC) 
communications 
protocols. 
This 
controller 


minimizes 
CPU software 
by supporting 
a comprehensive 


frame-level 
instruction 
set and 
by hardware 
implemen~ 


tation 
of 
the 
low 
level 
tasks 
associated 
with 
frame 


assembly/disassembly 
and data integrity. 
The 8273 can be 


used in either synchronous 
or asynchronous 
applications. 


In asynchronous 
applications 
the data can be program- 


med to be encoded/decoded 
in NRZI code. The clock 
is 


derived 
from 
the NRZI data using 
a digital 
phase locked 


loop. 
The data transparency 
is achieved 
by using 
a zero- 


bit insertion/deletion 
technique. 
The frames are automati- 


cally 
checked 
for errors 
during 
reception 
by verifying 
thE 


Frame Check 
Sequence 
(FCS); the FCS is automatically 


generated 
and appended 
before 
the final flag in transmit. 


inter 


The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and G,I} lEap) 
characters. 


The 8273 can assume either a primary (control) or a 
secondary 
(slave) role. 
It 
can 
therefore 
be readily 


implemented in an SDLC loop configuration astypified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate Tx clock. 
CPU Interface 
The CPU interface is optimized for the MCS-80/85'· bus 
with an 8257 DMA controller. However, the interface is 
flexible, 
and 
allows 
either 
DMA or 
non-DMA 
data 


transfers, 
interrupt 
or non-interrupt 
driven. It further 
allows 
maximum 
line 
utilization 
by 
providing 
llarly 


interrupt mechanism for buffered (only the information 
field can be transferred to memory) Tx command over- 
lapping. It also provides separate Rx and Tx interrupt 
output channels for efficient operation. The 8273 keeps 
the 
interrupt 
request ac;live until 
all the associated 


interrupt results have be~enread. 
, 
' 


The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of seven registers ad&essed 
via CS, A" Ao, RD and WR signals and two independent 
data registers for receivedata and transmit data. A" Aoare 
generally derived from twq low order bits of the address 
bus. If an 8080 based CPU is utilized, the RD and WR 
signals may be driven by the 8228 liaR 
and I/OW. The 


table shows the seven reQi~l~rselect decoding: 


TllDAQ 


TIIDACK 


RllDRQ 


RICDACK 


DPLL 


32X 
eLK 
RTS 


PB'_4 


Figure 4. 8273 Block Diagram Showing CPU 
Interface 
Functions 


A1 
AO 
TxDACK 
RxDACK 
cs 
RD 
WR 
Register 


0 
0 
1 
, 
0 
1 
0 
Comman.d 


0 
0 
1 
1 
0 
0 
1 
Slalus 


0 
, 
1 
1 
0 
1 
0 
Parameter 


0 
1 
, 
, 
0 
0 
1 
Result 


1 
0 
, 
, 
0 
, 
0 
Reset 
, 
0 
, 
, 
0 
0 
1 
TxlNT 
Result 
, , 
1 
1 
0 
, 
0 
- 
, 
, 
1 
1 
0 
0 
1 
RxlNT 
Resull 


X 
X 
0 
1 
, 
j 
0 
Transmil 
Data 


X 
X 
1 
0 
1 
0 
1 
Receive 
Data 


Register Description 


Command 


Operations 
are 
initiated 
by 
writing 
an 
appropriate 


command in the Command Register. 


Parameter 


Parameters of commands that require additional informa- 
tion are written to this register. 


Result 


Contains an immediate result describing an outcome of an 
executed command. 


Transmit Interrupt 
Result 


Contains 
the 
outcome 
of 
8273 transmit 
operation 


(good/bad 
completion), 


Receive Interrupt 
Result 


Contains the outcome of 8273 receive operation (goodI 
bad completion), followed by additional results which de- 
tail the reason for interrupt. 


Status 


The status register reflects the state of the 8273 CPU 
Interface. 


The 8273 CPU interface supports two independent data 
interfaces: receive data and transmit data. At high data 
transmission speeds the data transfer rate of the 8273 is 
great enough to justify the use of direct memory access 
IDMA) for the data transfers. When the 8273is configured 
in DMA mode, the elements of the DMA interfaces are: 


TxDRQ: Transmit DMARequest 


Requests a transfer of data between memory and the 
8273 for a transmit operation. 


TxDACK: Transmit DMA Acknowledge 


The TxDACKsignal notifies the 827:3that a transmit DMA 
cycle has been granted. It is also 4sed with WRto transfer 
data to the 8273 in non-DMA mode. Note: RD must not be 
asserted while TxDACK is active. 


RxDRQ: Receive DMA Request 


Requests a transfer of data between the 8273 and mem- 
ory for a receive operation. 


inter 


RxDACK: 
Receive DMA Acknowledge 


The RxDACK signal notifies the 8273 that a receive DMA 
cycle has been granted. It is also used with RD to read 
data from the 8273 in non-DMA mode. Note: WR must not 
be asserted while RxDACK is active. 


RD, WR: Read, Write 


The RD and WRsignals are usedto specify the direction of 
the data transfer. 


DMA transfers require the use of a DMA controller such as 
the Intel 8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer, 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the 8273. 


To request a DMA transfer the 8273 raises the appropriate 
DMA REQUEST. DMA ACKNOWLEDGE and READ en- 
ables DMA data onto the bus (independently of CHIP 
SELECT). DMA ACKNOWLEDGE and WRITE transfers 
DMA data to the 8273 (independent of CHIP SELECT). 


It is also possible to configure the 8273 in the non-DMA 
data transfer mode. In this mode the CPU module must 
pass data to the 8273 in response to non-DMA data re- 
quests indicated by the status word. 


The 8273 Modem interface provides both dedicated and 
user defined modem control functions. All the control 
signals are active low so that EIA RS-232C inverting 
drivers (MC 1488)and inverting receivers (MC 1489)may 
be used to interface to standard modems. For asynchro- 
nous operation, this interface supports programmable 
NRZI data encode/decode, a digital phase locked loop 
for 
efficient 
clock 
extraction 
from 
NRZI data, and 


modem control ports with automatic CTS, CD monitor- 
ing and RTS generation. This interface also allows the 
8273 to operate in PRE-FRAMESYNC mode in which the 
8273 prefixes 16 transitions 
to a frame to synchronize 


idle lines before transmission of the first flag. 


It should be noted that all the 8273 port operations deal 
with logical values, for instance, bit DOof Port A will be a 
one when CTS (Pin 30) is a physical zero {logical onel. 
Port A - 
Input Port 


During operation, the 8273 interrogates input pins CTS 
(Clear to Send) and CD (Carrier Detect). CTS is used to 
condition the start of a transmission. If during transmis- 
sion CTS is lost the 8273 generates an interrupt. During 
reception, if CD is lost, the 8273 generates an interrupt. 


The user defined input bits correspond to the 8273 PA., 
PA3 and PA, pins. The 8273 does not interrogate or ma- 
nipulate these bits. 


OPLl 
32X elK 


RTS 
PB,_4 


Figure 5. 8273 Block Diagram Showing Control 


Logic Functions 


Port B - Output Port 


During normal operation, if the CPU sets RTS active, the 
8273will not change this pin; however, if the CPUsets RTS 
inactive, the 8273will activate it before each transmission 
and deactivate it one byte time after transmission. While 
the receiver is active the flag detect pin is pulsed'each time 
a flag sequence is detected in the receive data stream. 
Following an 8273reset, all pins of Port B areset to a high, 
inactive level. 


The user defined output bits correspond to the state of 
PB4-PB1pins. The 8273 does not interrogate or manipu- 
late these bits. 
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/ \ 


/ \ 
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TxD 
X 
X 
X 


RxC 
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RxD 
X 
r 
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Serial Data Logic 


The Serial data is synchronized by the usertransmit (TxCl 
and receive (RxCl clocks. The leading edge of TxC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI encoding/ 
decoding of the receive and transmit data is program- 
mable. 


The diagnostic features included in the Serial Data logic 
are programmable loop back of data and selectable clock 
for the receiver. Inthe loop-back mode,the data presented 
to the TxD pin is internally routed to the receivedata input 


circuitry in place of the RxD pin, thus allowing a CPU to 
send a message to itself to verify operation of the 8273. 


In the selectable clock diagnostic feature, when the data is 
looped back, the receiver may be presented incorrect 
sample timing by the external circuitry. The user may 
select to substitute the TxC pin for the RxC input on-chip 
so that the clock used to generate the loop back data is 
used to sample it. Since TxD is generated off the leading 
edge of TxC and RxD is sampled on the trailing edge. the 
selected clock allows bit synchronism. 


Asynchronous Mode Interface 


Although the 8273 is fUlly compatible with the HDLC/ 
SDLC communication line protocols, which are primarily 
designed for synchronous communication, the 8273 can 
also be used in asynchronous applications by using this 
interface. The interface employs a digital phase locked 
loop {DPLLl for cibck recovery from a receivedata stream 
and programmable NRZI encoding and decoding of data. 
The 
use of 
NRZI coding 
with 
SDLC transmission 


guarantees that within a frame, data transitions will occur 
at least everyfive bit times -the 
longest sequence of ones 


which may be transmitted without zero-bit insertion. The 
DPLL should be used only when NRZI coding is used 
since the NRZI coding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex 
and half-duplex 
asynchronous 
implemen- 


tation with, or without modems. 


intJ 


Digital Phase Locked Loop 


In asynchronous applications, the clock is derived from 
the receiver data stream by the use of the digital phase 
locked loop (DPLU. The DPLL requires a clock input at32 
times the required baud rate. The receive data (RxDl is 
sampled with this 32X CLK and the 8273 DPLL supplies a 
sample pulse nominally centered on the RxD bit cells. The 
DPLL has a built-in "stiffness" which reduces sensitivity to 
line noise and bit distortion. 
This is accomplished 
by 


making phase error adjustments in discrete increments. 
Since the nominal pulse is made to occur at 32 counts of 
the 32X CLK, these counts are subtracted or added to the 
nominal, depending upon which quadrantofthefourerror 
quadrants the data edge occurs in. For example if an RxD 
edge is detected in quadrant A1, it is apparent that the 
DPLL sample "A" was placed too close to the trailing edge 
of the data cell; sample "B" will then be placed at T = 
<Tnominal 
- 2 counts)1= 30 counts of the 32X CLK to move 


the sample pulse "B" toward the nominal center of the next 
bit cell. A data edge occuring in quadrant B1 would cause 
a smaller adjustment of phase with T = 31 counts of the 
32X CLK. 
Using this 
technique 
the DPLL pulse will 


converge to nominal bit center within 12 data bit times, 
worst case, with constant incoming RxD edges. 


A method of attaining bit synchronism following a line idle 
is to use PRE-FRAME SYNC mode of transmission. 


RXD_X 
X 
X""'---_. 


j 
j 


o~o,,~ t±±±1 


ADJUSTMENT 
-2 
-1 
+1 
+2 


AxC 


8273 
AxD 


TxC 
MODEM 
TxD 


:i2XCLK 
DPLL 


GND 
N.C. 


inter 


SOLe Loop 


The OPLL simplifies the SOLe loop station implementa- 
tion. In this application, each secondary station on a loop 
data link is a repeater set in one-bit delay mode. The 
signals sent out on the loop by the loop controller (primary 
station) are relayed from station to station then, back to 
the controller. Any secondary station finding its address in 
the A field captures the frame for action at that station. All 
received frames are relayed to the next station on the loop. 


Loop stations are required to derive bit timing from the 
incoming NRZI data stream. The OPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 


8273 
LOOP 


CONTROLLER 


8273 
LOOP 


TERMINAL 
TxO 


8273 
LOOP 
TERMINAL 
RxD 


inter 


The 8273 is an intelligent 
peripheral controller 
which 


relieves the CPU of many of the rote tasks associated with 
constructing and receiving frames. It is fully compatible 
with the MCS-80/85'· system bus. As a peripheral device, 
it 
accepts 
commands 
from 
a CPU, executes these 


commands and provides an Interrupt and Result back to 
the CPU at the end of the execution. The communication 
with the CPU is done by activation of CS, RD, WR pins, 
while the A1, Ao select the appropriate registers on the 
chip as describ~d in the Hardware Description Section. 


The 
8273 operation 
is 
composed 
of 
the 
following 


sequence of events: 


THE 
8273 SIGNALS 
THE 
CPU THAT 
THE 
EXECUTION 
HAS 
FINISHED. 
THE 
CPU MUST 
PERFORM 
A READ 


OPERATION 
OF ONE OR MORE 
OF THE 
REGISTERS. 


During the command phase, the software writes a com- 
mand to the command register. The command bytes pro- 
vide a general description of the type of operation re- 
quested. Many commands require more detailed infor- 
mation about the command. In such a case up to four 
parameters are written into the parameter register. The 
flowchart of the command phase indicates that a com- 
mand may not be issued if the Status Register indicates 
that the device is busy. Similarly if a parameter is issued 
when the Parameter Buffer shows full, incorrect operation 
will occur. 


The 8273 is a duplex device and both transmitter and 
receiver may each be executing a command or passing 
results at any given time. 
For this reason separate 


interrupt pins are provided. However, the command regis- 
ter must be used for one command sequence at a time. 


Status Register 


The status register contains the status of the 8273activity. 
The description is as follows. 


0, 
"oDs 
0,°30, 
0, 
"0 


I CBSyl 
CBF I CPaF 
ICRBF I RxlNT I hiNT 
IRxlRAI 
TxlRA I 


Bit 7 CBSY (Command Busy) 


Indicates in-progress command, set for CPU poll when 
Command Register is full, reset upon command phase 
completion. It is improper to write a command when CBSY 
is set; it results in incorrect operation. 


Bit 6 CBF (Command Buffer Full) 


Indicates that the command register is full, it is reset when 
the 8273 accepts the command byte but does not imply 
that execution has begun. 


Bit 5 CPBF (Command Parameter Buffer Full) 


CPBF is set when the parameter buffer is full, and is reset 
by the 8273 when it accepts the parameter. The CPU may 
poll CPBF to determine when additional parameters may 
be written. 


Bit 4 CRBF (Command Result Buffer FUll) 


Indicates that an executed command immediate result is 
present in the Result Register. It is set by 8273 and reset 
when CPU reads the result. 


inter 


Bit 3 RxlNT (Receiver Interrupt) 


AxlNT indicates that the receiver requires CPU attention. 
It is identical to Axl NT (pin 11)and is set by the 8273either 
upon good/bad completion of a specified command or by 
Non-DMA data transfer. It is reset only after the CPU has 
read the result byte or has received a data byte from the 
8273 in a Non-DMA data transfer. 


Bit 2 TxlNT (Transmitter 
Interrupt) 


The TxlNT 
indicates that the transmitter 
requires CPU 


attention. It is identical to TxlNT (pin 2l. It is set by 8273 
either upon good/bad completion of aspecified command 
or by Non-DMA data transfer. It is reset only after the CPU 
has read the result byte or has transferred transmit data 
byte to the 8273 in a Non-DMA transfer. 


Bit 1 RxlRA (Receiver Interrupt Result Available) 


The RxlRA is set by the 8273 when an interrupt 
result 


byte is placed in the RxlNT register. It is reset after the 
CPU has read the RxlNT register. 


Bit 0 TxlRA (Transmitter 
Interrupt Result Available) 


The TxlRA is set by the 8273 when an interrupt 
result 


byte is placed in the TxlNT register. It is reset when the 
CPU has read the TxlNT register. 


Upon accepting the last parameter, the 8273 enters into 
the Execution Phase. The execution phase may consist 
of a DMA or other activity, and mayor 
may not require 


CPU intervention. The CPU intervention 
is eliminated 
in 


this phClseif the system utilizes DMA for the data trans- 
fers, otherwise, for non-DMA data transfers, the CPU is 
interrupted 
by the 8273 via TxINT- and RxlNT pins, for 


each data byte request. 


During the result phase, the 8273 notifies the CPU of the 
execution outcome of a command. This phase is initiated 
by: 


1. The successful completion 
of an operation 


2. An error detected during an operation. 


To facilitate quick network software decisions, two types 
of execution results are provided: 


1. An Immediate Result 
2. A Non-Immediate 
Result 


I 


°7 
°8 
°5 
°4 
°3 
°2 
°1 
°0 
Receiver Interrupt R.lult 
Cod. 
Ax Stetul 
Aft.r INT 


.•.. 


{ : 


I 


0 
0 
0 
0 
0 
A, match or general receive 
Active 


0 
0 
0 
0 
1 
A2 match 
Active 


0 
0 
0 
0 
0 
0 
1 
1 
CAe error 
Active 
0 
0 
0 
0 
0 
1 
0 
0 
Abort detected 
Active 


0 
0 
0 
0 
0 
1 
0 
1 
Idle 
detect 
Disabled 


0 
0 
0 - 0 
0 
1 
1 
0 
EOP detected 
Disabled 
0 
0 
0 
0 
0 
1 
1 
1 
Frame less than 32 bUs 
Active 


0 
0 
0 
0 
1 
0 
0 
0 
DMA overrun 
detected 
Disabled 


0 
0 
0 
0 
1 
0 
0 
1 
Memory buffer overflow 
Disabled 


0 
0 
0 
0 
1 
0 
1 
0 
Carrier detect failure 
Disabled 


0 
0 
0 
0 
1 
0 
1 
1 
Receive interrupt overrun 
Disabled 


All 
8 bits recelvedY 
DO received 


0,-00 
received 


02-00 
received 


°3-00 
received 


04-00 
received 


05-00 
received 


06-00 
received 
' 


0, 
03 
02 
0, 
Do 


0 
0 
Early 
transmit 
interrupt 


0 
, 
Frame 
transmit 
complete 


1 
0 
DMAunderrun 
, 
1 
Clear to Send 
(CTS) error 


0 
Abort 
complete 


inter 


Immediate result is provided by the 8273 for commands 
such 
as Read Port A and Read Port B which 
have 


information 
(CTS, 
CO, 
RTS, etc.! 
that 
the 
network 


software needs to make quick operational decisions. 


A command which cannot provide an immediate result will 
generate an interrupt to signal the beginning ofthe Result 
phase. The immediate results are provided in the Result 
Register; all non-immediate 
results are available upon 


device interrupt, 
through 
Tx Interrupt 
Result Register 


Txl/R or Rx Interrupt Result Register Rxl/R. The result 
may consist of a one-byte interrupt code indicating the 


condition 
for the interrupt and, if required, one or more 


bytes which detail the condition. 


Tx and Rx Interrupt Relult Regllterl 


The Result Registers have a result code, the three high 
order bits 07-05 of which are set to zero for all but the 
receive command. This command result contains a count 
that indicates the number of bits received in the last byte. If 
a partial byte is received, the high order bits of the last data 
byte are indeterminate. 


All results indicated in the command summary must be 
read during the result phase. 


DATA 
REQUEST 
NON·DMA 
MODE 


USE DACK + AD OR 
WR TO READ 
OR 
WRITE 
DATA 


( 
END) 


r---- 


N~~g~AI, 
I 
I DMA 
I MODE 


I 
I 
I 
I 
I 
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General 


The 8273 HDLC/SDLC controller supports a comprehen- 
sive set of high level commands which allows the 8273to 
be readily used in full-duplex, half-duplex, synchronous, 
asynchronous 
and SDLC loop configuration, 
with or 
without modems. These frame-level commands minimize 
CPU and software overhead. The 8273 has address and 
control byte buffers which allow the receive and transmit 
commands to be used in buffered or non-buffered modes. 


In buffered transmit 
mode, the 8273 transmits a flag 
automatically, 
reads the Address and Control 
buffer 


registers and transmits the fields, then via DMA, it fetches 
the information field. The 8273, having transmitted the 
information field, automatically appends the FrameCheck 
Sequence (FCS) and the end flag. Correspondingly, 
in 
buffered read mode, the Address and Control fields are 
stored 
in 
their 
respective 
buffer 
registers and only 
Information Field is transferred to memory. 


In non-buffered transmit mode, the 8273 transmits the 
beginning flag automatically, then fetches and transmits 
the Address, Control and Information 
fields from the 
memory, appends the FCS character and an end flag. In 
the non-buffered receive mode the enti re contents of a 
frame are sent to memory with the exception of the flags 
and FCS. 


HOLe ImplementaUon 


HDLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of the 
field to be extended to a one, a zero in the low order bit 
indicates the last byte of the respective field. 


Since Address/Control 
field extension is normally done 


with software to maximize extension flexibility, the 8273 
does not create or operate upon contents of the extended 
HDLC 
Address/Control 
fields. 
Extended 
fields 
are 


transparently 
passed by the 8273 to 
user as either 


interrupt results or data transfer requests. Software must 
assemble the fields for transmission and interrogate them 
upon reception. 


However, the user can take advantage of the powerful 
8273 commands to minimize CPU/Software overhead and 
simplify buffer management in handling extended fields. 
For instance buffered mode can be used to separate the 
first two bytes, then interrogate the others from buffer. 
Buffered mode is perfect for a two byte address field. 


The 
8273 
when 
programmed, 
recognizes 
protocol 


characters unique to HDLC such as Abort, which is a 
string of seven or more ones (01111111). Since Abort 
character is the same as the GA (EOP)character used in 
SDLC Loop applications, 
Loop Transmit and RE1ceive 


commands are not recommended to be used in HDLC. 
HDLC does not support Loop mode. 


These commands are used to manipulate data within the 
8273 registers. The Set commands have a single param- 
eter which is a mask that corresponds to the bits to beset. 
{They perform a logical-OR of the specified register with 
the 
mask 
provided 
as a 
parameterl. 
The 
Register 


commands have a single parameter which is a mask that 
has a zero in the bit positions that are to be reset. (They 
perform a logical-AND of the specified register with the 
mask). 


When one bit delay is set, 8273 retransmits the receiveo 
data stream one bit delayed. This mode is entered at a 
receiver character boundary, and should only be used by 
Loop Stations. 


When the data transfer mode is set, the 8273will interrupt 
when data bytes are required for transmission or are 
available from a receive. If a transmit interrupt occurs and 
the status indicates that there is no Transmit Result 
(TxIRA = 0), the interrupt is a transmit data request. If a 
receive interrupt occurs and the status indicates that there 
is no receive result (RxIRA = 0>,the interrupt is a receive 
data request. 


If the Data Transfer Mode is reset, the 8273 data transfers 
are performed through the DMA requests without interrupt· 
ing the CPU. 


Set Operating Mode (CMO Code 91) 


0, 
0,; 


I, = FLAG 
STREAM 
MODE 


, 
"" PREFRAME 
SYNC 
MODE 


Any mode switches set in CMO code 91can be reset using 
this 
command 
by 
placing 
zeros 
in the 
appropriate 


positions. 


(05) HOLC Mode 
In HOLC mode, a bit sequence of seven ones (01111111) 
is 


interpreted as an abort character. Otherwise, eight ones 
(011111111) 
signal an abort. 


(04) EOP Interrupt Mode 


In 
EOP interrupt 
mode, 
an 
interrupt 
is 
generated 


whenever an EOP character (01111111) 
is detected by an 


active receiver. This mode is useful forthe implementation 
of an SOLe loop controller 
in detecting the end of a 


message stream after a loop poll. 


(03) Transmlller Early Interrupt Mode (Tx) 


The early interrupt mode is specified to indicate when the 
8273 should generate an end of frame interrupt. When set, 
an 
early 
interrupt 
is generated 
when 
the 
last data 


character has been passedto the 8273. If the user software 
responds with another transmit command before the final 
flag is sent, the final flag interrupt will not be generated 
and a new frame will immediately begin when the current 
frame is complete. This permits frames to beseparated by 
a single flag. If no additional Tx commands are provided, a 
final interrupt will follow. 


Note: In buffered mode, if a supervisory frame (no Infor- 
mation) Transmit command is sent in response to an early 
Transmit Interrupt, the 8273 will repeatedly transmit the 
same supervisory frame with one flag in between, until a 
non-supervisory transmit is issued. 


Early transmitter interrupt can be used in buffered mode 
by waiting for a transmit complete interrupt 
instead of 


early Transmit Interrupt before issuing a transmit frame 
command for a supervisory frame. See Figure 14. 


Tx INTERRUPT 
PROCEDURE 


~ 


Figure 
14. 


If this bit is zero, the interrupt will be generated only after 
the final flag has been transmitted. 


(02) Buffered Mode 


If the buffered mode bit is set to a one, the first two bytes 
(normally the address (A) and control (C)fields) of aframe 
are buffered bythe8273.lfthis 
bit isazerotheaddressand 


control fields are passed to and from memory. 


(01) Preframe Sync Mode 


If this bit is set to a one the 8273 will transmit two charac- 
ters before the first flag of a frame. 
To guarantee sixteen line transitions, the 8273 sends two 
bytes of data (OO)H if NRZI is set or data (55)H 
if NRZI is not 


set. 


(DO) Flag Stream Mode 


If this bit is set to a one, the following table outlines the 
operation of the transmitter. 


TRANSMITTER 
STATE 
ACTION 


Idle 
Send Flags immediately. 


Transmit 
or Transmit} 
Send Flags after 
the 


Transparent 
Active 
transmission 
complete 


Loop Transmit 
Active 
Ignore 
command. 


1 Bit Delay Active 
Ignore command. 


inter 


If this bit is reset to zero the following 
table outlines the 
operation 
of the transmitter. 


TRANSMITTER 
STATE 
ACTION 


IDLE 
Send Idles on next character 
boundary. 


Transmit 
or Transmit· 
} Send Idles after the transmission 
Transparent Active 
is complete. 


Loop Transmit Active 
Ignore command. 


1 Bit Delay Active 
Ignore command. 


Reset Serial I/O Mode (CMD Code 60) 


This command allows bits set in CMO code AOto be reset 
by placing zeros in the appropriate 
positions. 


(02) Loop Back 


If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. 


(01) TxC __ 
RxC 


If this bit is set to a one, the transmit 
clock is internally 


routed to the receive clock circuitry. 
It is normally 
used 


with the loop back bit (02l. 


(DO) NRZI Mode 


If this bit is set to a one, NRZI encoding and decoding of 
transmit and receive data is provided. If this bit is a zero, the 
transmit and receive data is treated as a normal positive logic 
bit stream. 


NRZI encoding specifies that a zero causes a change in the 
polarity of the transmitted signal and a one causes no polarity 
change. 
NRZI 
is used in all asynchronous 
operations. 


Refer to IBM document 
GA27-3093 for details. 


An 8273 reset command 
is executed by outputing 
a (01)H 


followed 
by (OO)Hto the reset register 
(TMR). See 8273 


AC timing 
characteristics 
for 
Reset 
pulse 
specifica- 


tions. 


The reset command emulates the action of the reset pin. 


1. The modem control signals are forced high (inactive 


level). 


2. The 8273 status register flags are cleared. 
3. Any {;ommands 
in progress are terminated 
immedi- 


ately. 


4. The 8273 enters an idle state until the next command is 


issued. 


5. The Serial I/O and Operating 
Mode registers are set 


to zero 
and 
OMA data register 
transfer 
mode 
is 


selected. 


6. The device assumes a non-loop SOLC terminal role. 


The 8273 supports 
three 
receive 
commands: 
General 


Receive, Selective Receive, and Selective Loop Receive. 


General Receive (CMO Code CO) 


General receive is a receive mode in which frames 
are 


received regardless of the contents of the address field. 


° 
° 
'1'101010101010 
° , 
LEAST 
SIGNIFICANT 
BYTe 
OF THE 


RECEIVE 
BUFFER 
LENGTH 
(80) 


° , 
MOST 
SIGNIFICANT 
BYTE 
OF 
RECEIVE 


BUFFER 
LENGTH 
(81) 


NOTES: 
1. If buffered mode is specified, the RO:R1 receive frame length 
(result) is the number of data bytes received. 


2. If non-buffered 
mode is specified. the RO, R1 receive frame 


length ~esult) 
is the number of data bytes received plus two 


(the count includes the address and control bytes). 


3. The frame 
check 
sequence 
(FCS) 
is not transferred 
to 


memory. 


4. Frames with less than 32 bits between flags are ignored (no 


interrupt generated) if the buffered mode is specified. 


5. In the non-buffered 
mode an interrupt is generated when a 


less than 32 bit frame is received, since data transfer requests 
have occurred. 


6. The 8273 receiver is always disabled when an Idle is received 


after a valid frame. The CPU module must issue a receive 
command to re-enable the receiver. 


7. The intervening ABORT character between a final flag and an 


IDLE does not generate an interrupt. 


8. If an ABORT Character is not preceded by a flag and is fol- 


lowed by an IDLE, an interrupt will be generated for the ABORT 
followed 
by an IDLE interrupt 
one character time later. The 


reception of an ABORT will disable the receiver. 


° 
° 
'1'1010/010101' 


° , 
LEAST 
SIGNIFICANT 
BYTE 
OF THE 


RECEIVE 
BUFFER 
LENGTH 
(BOI 
° , 
MOST 
SIGNIFICANT 
BYTE 
OF 
RECEIVE 


BUFFER 
LENGTH 
(B1) 


° , 
RECEIVE 
FRAME 
ADDRESS 
MATCH 


FIELD 
ONE 
(A1) 


° , 
RECEIVE 
FRAME 
ADDRESS 
MATCH 


FIELD 
TWO (A2l 


inter 


Selective receive is a receive mode in which frames are 
ignored unless the address field matches anyone of two 
address fields given to the 8273 as parameters. 


When selective receive is used in HDLe the 8273 looks at 
the first character, if extended, software must then decide 
if the message is for this unit. 


° 
° 
'1'1°1°1°1°1'1° 


0 
0 
LEAST 
SIGNifiCANT 
BYTE 
Of 
THE 
RECEIVE 
BUFFER 
LENGTH 
(Bol 


0 
1 
MOST 
SIGNifiCANT 
BYTE 
Of 
RECEIVE 
BUFFER 
LENGTH 
(81) 


0 , 
RECEIVE 
FRAME 
ADDRESS 
MATCH 
FIELD 
ONE 
(All 


0 
, 
RECEIVE 
FRAME 
ADDRESS 
MATCH 
FIELD 
TWO (A21 


Selective loop receive operates like selective receive ex- 
cept that the transmitter is placed in flag stream mode 
automatically after detecting an EOP (01111111)following 
a valid received frame. The one bit delay mode is also 
reset at the end of a selective loop receive. 


Receive Disable (CMD Code C5) 


Terminates an active receive command i·mmediately. 


A, 
Au 
07 
06 
05 
04 
q3 
02 
01 
Do 


CMD I 0 I 0 I 
1 I ' I 0 I 0 I 
0 I ' I 0 I 
1 


PAR: 
NONE 


The 8273 supports three transmit commands: Transmit 
Frame, Loop Transmit, Transmit Transparent. 


0 
° 
'1 
'10101 
'101010 


0 
, 
LEAST 
SIGNIFICANT 
BYTE 
OF 
FRAME 
LENGTH 
(LO) 


0 , 
MOST SIGNIFICANT 
BYTe 
OF 
FRAME 
LENGTH 
(L1) 


0 , 
ADDRESS 
FIELD 
OF TRANSMIT 
FRAME 
IA) 


0 
, 
CONTROL 
FIELD OF TRANSMIT 
FRAME 
Ie} 


Transmits one frame including: initial flag, frame check 
sequence, and the final flag. 


If the buffered mode is specified, the LO, L1, frame length 
provided as a parameter is the length of the information 
field and the address and control fields must be input. 


In unbuffered mode the frame length provided must bethe 
length of the information field plus two and the address 
and control fields must be the first two bytes of data. Thus 
only the frame length bytes are required as parameters. 


0 
0 
1 I ' I 0 I 0 I ' I 0 I 1 I ° 
0 
1 
LEAST 
SIGNIFICANT 
BYTE 
OF 


FRAME 
LENGTH 
(LO) 


0 
1 
MOST SIGNIFICANT 
BYTE 
OF 


FRAME LENGTH Ill) 


° , 
ADDRESS 
FIELD 
OF TRANSMIT 
fRAME 
(A) 


0 , 
CONTROL 
FIELD 
OF TRANSMIT 
FRAME 
(el 


Transmits one frame in the same manner as the transmit 
frame command except: 


1. If thfl flag stream mode is not active transmission will 


beg'in after a received EOP has been converted to a 
flag. 
2. If the flag stream mode is active transmission will 


begin atthe next flag boundary for buffered mode or at 
the third flag boundary for non-buffered mode. 


3. At'the end of a loop transmit the one-bit delay mode is 


entered and the flag stream mode is reset. 


0 
0 
, I , I 0 I 0 I , I 
0 I 0 I ' 


0 , 
LEAST 
SIGNIFICANT 
BYTE 
OF 


FRAME 
LENGTH 
(LO) 


0 , 
MOST SIGNIFICANT 
BYTE 
OF 


FRAME 
LENGTH 
(11) 


The 8273 will 
transmit 
a block 
of raw data without 


protocol, i.e., no zero bit insertion, flags, or frame check 
sequences. 


Abort Transmit Commands 


An abort command is supported for each type of transmit 
command. The abort commands are ignored if a transmit 
comr11~ndis not in progress. 


A, 
~ 
07 
06 05 
04 03 
02 0, 
~ 


CMD I 0 I 0 I ' I 1 I 0 I 0 I 1 I , I 0 I 0 


PA~: 
NoNE 


After an abort character (eight contiguous ones) is trans- 
mitted, the transmitter reverts to sending flags or idles as a 
function of the flag stream mode specified. 


Abort Loop Transmit (CMD Code CE) 
. 


A, 
~ 
07 
06'05 
04 03 
02 0, 
DO 


CMD I 0 I 0 I ' I ' I 0 I 0 I ' I 
1 I ' I 0 


PA~, 
NONE 


After a flag is transmitted the transmitter reverts to one bit 
delay mode. 


A, ~ 
07 06 
05 04 
03 02 
0, ~ 


CMD, I 0 I 
0 I ' I ' I 0 I 0 I ' I ' I 0 I ' 


PAR: 
NONE 


The transmitter reverts to sending flags or idles as a func- 
tion of the flag stream mode specified. 


Modem Control Commands 


The modem 
control 
commands 
are used 
to manipulate 
the 


modem 
control 
ports. 


When 
read 
Port 
A or Port 
B commands 
are executed 
the 


result 
of the 
command 
is returned 
in the 
result 
register. 


The 
Bit Set Port 
B command 
requires 
a parameter 
that 
is a 


mask 
that 
corresponds 
to the 
bits to be set. 
The 
Bit Reset 


Port 
B command 
requires 
a mask 
that 
has a zero 
in the bit 


positions 
that 
are to be reset. 


Read Port A (CMO Code 22) 


A, 
Ao 
07 
06 
05 
04 
03 
02 
01 
Do 


CMD I 
0 I 
0 I 
0 I 0 I 1 I 0 I 0 I 
0 I 
1 I 0 


PAR, 
NONE 


Read Port B (CMO Code 23) 


A, 
A.o 
0, 
06 
05 
04 
03 
02 
0, 
DO 


Set Port B Bits (CMO Code A3) 


This 
command 
allows 
user 
defined 
Port 
B pins 
to be set. 


(05) 
Flag 
Detect 


This 
bit can 
be used 
to set the flag 
detect 
pin. 
However, 
it 


will 
be reset 
when 
the 
next 
flag 
is detected. 


(04-0') 
User 
Defined 
Outputs 


These 
bits 
correspond 
to the 
state 
of the 
PB4-PB, 
output 


pins. 


(Do) 
Request 
to Send 


This 
is 
a 
dedicated 
8273 
modem 
control 
signal, 
and 


reflects 
the 
same 
logical 
state 
of RTS 
pin. 


Reset Port B Bits (CMO Code 63) 


This 
command 
allows 
Port 
B user defined 
bits to be reset. 


This 
command 
allows 
Port 
B (04-0,) 
user 
defined 
bits 
to 


be reset. 
These 
bits 
correspond 
to Output 
Port 
pins 
(PB4- 


PB,). 


, 
Command 
Result 
Completion 


Command 
Description 
(HEX) 
Parameter 
Results 
Port 
Interrupt 


Set One Bit Delay 
A4 
Set Mask 
None 
- 
No 


Reset One Bit Delay 
64 
Reset Mask 
None 
- 
No 


Set Data Transfer 
Mode 
97 
Set Mask 
None 
- 
No 


Reset Data Transfer 
Mode 
57 
Reset Mask 
None 
- 
No 


Set Operating 
Mode 
91 
Set Mask 
None 
- 
No 


Reset Operating 
Mode 
51 
Reset Mask 
None 
- 
No 


Set Serial 
1/0 Mode 
AO 
Set Mask 
None 
- 
No 


Reset Serial 
1/0 Mode 
60 
Reset Mask 
None 
- 
No 


General 
Receive 
CO 
BO,Bl 
RIC,RO,Rl,(A,Cj(2 
RXI/R 
Yes 


Selective 
Receive 
Cl 
BO,Bl,Al,A2 
RIC,RO,Rl,(A,C)(2 
RXI/R 
Yes 


Selective 
Loop 
Receive 
C2 
BO,Bl,Al,A2 
RIC,RO,Rl,(A,C)(2) 
RXI/R 
Yes 


Receive 
Disable 
C5 
None 
None 
- 
No 


Transmit 
Frame 
I 
C8 
LO,L1,(A,C)(1) 
TIC 
TXI/R 
Yes 


Loop 
Transmit 
CA 
LO,L1,(A,C)(l) 
TIC 
TXI/R 
Yes 


Transmit 
Transparent 
C9 
LO,L 1 
TIC 
TXI/R 
Yes 


Abort 
Transmit 
Frame 
CC 
None 
TIC 
TXI/R 
Yes 


Abort 
Loop 
Transmit 
CE 
None 
TIC 
TXIIR 
Yes 


Abort 
Transmit 
Transparent 
CD 
None 
TIC 
TXI/R 
Yes 


Read Port A 
22 
None 
Port Value 
Result 
No 


Read Port B 
23 
~one 
Port Value 
Result 
No 


Set Port B Bit 
A3 
Set Mask 
None 
- 
No 


Reset Port 
B Bit 
63 
Reset Mask 
None 
- 
No 


NOTES: 
1. Issued only when in buffered 
mode. 


2. Read as results only in buffered 
mode. 


inter 


RXI/R 
TXI/R 
RO 


8273 Command 
Summary 
Key 


80 
- 
Least significant byte of the receive buffer 
length. 


- 
Most significant byte of the receive buffer 
length. 


- 
Least significant byte of the Tx frame length. 


- 
Most significant byte of the Tx frame length. 


- 
Receive frame address match field one. 
- 
Receive frame address match field two. 


- 
Address field of received frame. If non-buffered 
mode is specified. this result is not provided. 
- 
Control field of received frame. If non-buffered 
mode is specified this result is not provided. 


- 
Receive interrupt result register. 


- 
Transmit interrupt result register. 


- 
Least significant byte of the length of the frame 
received. 


- 
Most significant byte of the length of the frame 
received. 
. 


RIC 
- 
Receiver interrupt result code. 
TIC 
- 
Transmitter 
interrupt result code. 


I 
GENERAL 
t 
RECEIVE 
IRo. R,) 


oMAREOUESTS 
~ 


DR 
A 
C 
_'_, 
_ 


DATA 
INTERRUPTS 
--, 
I 
I 


NON·BUFFERED 
MODE 
FRAME 


COMPLETE 


inter 


LAST PARAMETER 
OF Tx COMMAND 
! 


________________ 
L-U_13 
_ 


INT 
t 
. 
_______ 
---"- 
1- 


EARLY 
FINAL 


TxlNT 
TxINT 


LAST PARAMETER 
! 


DRO 
_13 
_ 


INT 
t 
------------~ 
EARLY 
FINAL 


TxlNT 
hiNT 


080-7 
MEMR 


lOW 
MEMW 


lOR 


CS 
HRQ 
HACK 


Ao·A, 
080-7 


RO 


WR 
CS 
TXINT 


RXINT 


RXC 
RXD, 
TXC 


TXD 


8257 


OMA 
TxDACK 
CONTROLLER 


inter 


AmbientTemperatureUnderBias 
0°Ct070°C 
Storage Temperature 
-65°Cto,"150°C 


Voltage on Any Pin With 
Respect to Ground 
.............•....... 
-0.5V to +7V 


Power Dissipation 
, ...•....... 
' 
1 Watt 


'NOTICE: 
Stresses above those listed 
under 
"Absolute 


Maximum Ratings" 
may cause permanent 
damage to the 
device. This is a stress rating only and functional 
opera- 


tion of the device at these or any other conditions 
above 


those indicated in the operational 
sections of this specifi- 


cation 
is not implied. 
Exposure 
to absolute 
maximum 


rating conditions 
for extended periods may affect device 


reliability. 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 
r, 
, 


VIH 
Input High Voltage 
2.0 
VCC+ 0.5 
V 


IOL= 2.0 mA for Data Bus Pins 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL= 1.0mA for Output 
Port Pins 


IOL= 1.6 mA for All Other Pins 


VOH 
Output 
High Voltage 
2.4 
V 
IOH= - 200 I'A for Data Bus Pins 


- 
IOH= -1001'A 
for All Other Pins 


IlL 
Input Load Current 
"±10 
I'A 
VIN= Vcc to OV 


loz 
Off-State 
Output 
Current 
, 
±10 
I'A 
Vour= 
Vcc to OV 


Icc 
Vcc Supply Current 
180 
mA 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


CIN 
Inpu"i Capacitance 
10 
pF 
te= 1 MHz 


CliO 
110 Capacitance 
20 
pF 
Unmeasured 
Pins 


Returnlld 
to GND 


A.C, CHARACTERISTICS 
(TA= o·C to 7o-·C, Vcc= 
+5.0V±5%) 


CLOCK TIMING (8273) 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


tCY 
Clock 
250 
2000 
ns 


tCL 
Clock Low 
120 
64K Baud Max 
ns 
Operating 
Rate 
tCH 
Clock High 
120 
ns 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


tCY 
Clock 
286 
2000 
ns 


tCL 
CloeR Low 
135 
56K Baud Max 
ns 
Operating 
Rate 
tCH 
Clock High 
135 
- 
ns 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Unit t 


Test Conditions 
, 


tCY 
Clock 
330 
2000 
ns 


tCL 
Clock Low 
150 
I 
48K Baud Max 
ns 
Operating 
Rate 
tCH 
Clock High 
150 
ns 
I 


A.C. CHARACTERISTICS 
(8273,8273-4,8273·8) 
(TA = O"Cto 70"C. VCC = +5.0V ±5%) 


READ CYCLE 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAc 
Select Setup to RD 
0 
ns 
Note 2 


tCA 
Select Hold from AD 
0 
ns 
Note 2 


tRR 
RD Pulse Width 
250 
ns 


tAD 
Data Delay from Address 
300 
ns 
Note 2 


tRO 
Data Delay from RD 
200 
ns 
CL=150pF, 
Note 2 


tOF 
Output 
Float Delay 
20 
100 
ns 
CL=20pF 
for Minimum; 


150 pF for Maximum 


toc 
DACK Setup to RD 
25 
ns 


tco 
DACK Hold from RD 
25 
ns 


tKo 
Data Delay from DACK 
300 
ns 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAC 
Select Setup to WR 
0 
ns 


tCA 
Select Hold from WR 
0 
ns 


tww 
WR Pulse Width 
250 
ns 


tow 
Data Setup to WR 
150 


, 
ns 


two 
Data Hold from WR 
0 
ns 


toc 
DACK Setup to WR 
25 
ns 


tco 
DACK Hold from WR 
25 
ns 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tca 
Request Hold from WR or RD 
200 
ns 
(for Non-Burst 
Mode) 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tRSTW 
Reset Pulse Width 
10 
tCY 


tr 
Input Signal Rise Time 
20 
ns 


tf 
Input Signal Fall Time 
20 
ns 


tRSTS 
Reset to First IOWR 
2 
tCY 


tCY32 
32X Clock Cycle Time 
9.7 . tCY 
ns 


tCL32 
32X Clock Low Time 
4· tCY 
ns 


tCH32 
32X Clock High Time 
4' 
tCY 
ns 


tOPLL 
DPLL Output 
Low 
l' tCY- 50 
ns 


tOCL 
Data Clock Low 
1 . tCY- 50 
ns 


tOCH 
Data Clock High 
2· tCY 
ns 


toCY 
Data Clock 
62.5' tCY 
ns 


tTD 
Transmit 
Data Delay 
200 
ns 


tos 
Data Setup Time 
200 
ns 


tOH 
Data Hold Time 
100 
ns 


tFLO 
FLAG DET Output 
Low 
8·tcy±50 
ns 


NOTES: 
1. All timing measurements are made at the reference voltages unless otherwise specified: Input "1" at 2.0V. "0" at 0.8V; 


Output "1" at 2.0V. "0" at 0.8V. 


2. tAD.tRO.tACoand tCA are not concurrent specs. 


inter 


ICL ~'SOpF 


tAD_tR~D 
_~_tDF=1- 
_ 


.Ko-------j 


iO_~- 


inter 


ORO 
I 
~ 
_ 


OAC._\-E~-J 


RDORWR 
_ 


[.~l.".J-1 


)===-~IDC==L-~===-t~DCH-h- 
Rxo====£,Jf~l====== 


WAVEFORMS (Continued) 


DPLLOUTPUT 


inter 
8274 
MULTI·PROTOCOL SERIAL 
CONTROLLER (MPSC) 


• Asynchronous, 
Byte Synchronous 
and 
Bit Synchronous 
Operation 


• Two Independent 
Full Duplex 


Transmitters 
and Receivers 


• Fully Compatible 
with 8048, 8051, 8085, 
8088, and 8086 CPU's; 8257 and 8237 
DMA Controllers; 
and 8089 I/O Proc. 


• 4 Independent 
DMA Channels 


• Baud Rate: DC to 880K Baud 
-Future 
Selections 
to 1M Baud 


• Asynchronous: 
-5-8 
Bit Character; 
Odd, Even, or No 
Parity; 1, 1.5 or 2 Stop Bits 


-Error 
Detection: 
Framing, Overrun, 
and Parity 


• Byte Synchronous: 
- Character Synchronization, 
Int. or Ext. 
-:-9ne or Two Sync Characters 
- Automatic 
CRC Generation 
and 


Checking (CRC-16) 
- IBM Bisync Compatible 


• Bit Synchronous: 
- SDLC/HDLC Flag Generation 
and 


Recognition 
- 8 Bit Address 
Recognition 


- Automatic 
Zero Bit Insertion 
and 


Deletion 
- Automatic 
CRC Generation 
and 


Checking (CCITT-16) 


- CCITT X.25 Compatible 


The Intel® 8274 Multi-Protocol 
Series Controller 
(MPSC) is designed to interface 
High Speed Communications 


Lines using Asynchronous, 
IBM Bisync, and SOLC/HOLC protocol 
to Intel microcomputer 
systems. It can be 
interfaced 
with 
Intel's 
MCS-48, -85, -51; iAPX-86, and -88 families, 
the 8237 OMA Controller, 
or the 8089 I/O 
Processor 
in polled, 
interrupt 
driven, 
or OMA driven 
modes of operation. 


The MPSC is a 40 pin device fabricated 
using Intel's 
High Performance 
HMOS Technology. 


CD" 


CTS" 


RTS" 


!lYNlln. 


DTR. 
34 
RIlO" 
fiND'El .•. 


RDY"/AxDRQ" 


31 
lrfR" 


iP'<5mcORQe 


iPiJRJl.ORQe 


iNT 


CTSe 


SYNDETe/ATSe 
DTRe 


Axes 


Ax De 


Pin 


Symbol 
No. 
Type 
Neme end Function 


ClK 
1 
I 
Clock: 
System clock, TTl compat- 


ible. 


RESET 
2 
I 
Reset: A low signal on this pin will 
force the MPSC to an idle state. 
TxD. and TxD. are forc,ed high. The 
modem interface output signals are 
forced high. The MPSC will remain 
idle until the control 
registers are 


initialized. 
Reset must be true for 
one complete ClK cycle. 


CD. 
3 
I 
Cerrler 
Detect (Channel 
A): Car- 


rier Detect (Channel A) signals that 


I 
the line transmission 
has started. 


The MPSC will begin to sample data 
on the RxD. line if modem enables 
are selected. 


RxC. 
4 
I 
Receiver 
Clock: 
The 
Receiver 
Clock (Channel B) clocks in data on 
the RxD. pin. 


CD. 
5 
I 
Carrier 
Detect 
(Channel 
B): Car- 


rier Detect (Channel B) signals that 
the line transmission 
has started. 


The MPSC will begin to sample data 
on the RxD. line if modem enables 
are selected. 


CTS. 
6 
I 
Clear To Send (Channel B): Clear 
To Send (Channel B) signals that 
the modem is ready to accept data 
from the MPSC. Clear To Send will 
enable 
Channel 
B transmitter 
if 
modem 
enables 
are 
selected, 
otherwise this pin may be used as a 
general purpose input. 


TxC. 
7 
I 
Transmit 
Clock 
(Channel 
B): 


Transmit 
Clock 
(Channel 
B) for 
TxD. pin. 


TxD. 
8 
0 
Transmit 
Data (Channel 
B): This 


line transmits the serial data to the 
communications 
channel (Channel 
B). 


RxD. 
9 
I 
Receive Data (Channel B): This line 
receives serial data from the com- 
munications channel (Channel B). 
---- 
SYNDET,,! 
10 
I/O 
Synchronous 
Detection 
(Channel 


RTS. 
B): This pin is used in byte syn- 
chronous mode as either an internal 
sync detect (output) or as a means 
to force external 
synchronization 
(input). In SDlC mode, this pin is an 
output indicating 
Flag detection. In 


asynchronous mode it is a general 
purpose input (Channel B). Request 
To Send (Channel B) is a general 
purpose output, generally used to 
signal that Channel B is ready to 
send data. 


Pin 
Symbol 
No. 
Type 
Name and Function 


RDY,,! 
11 
0 
Ready Transmit 
Data: In mode 0 


TxDRQ. 
this pin is used to synchronize data 
transfers 
for 
both 
Receive 
and 


Transmit of Channel B to the con- 
trolling 
processor's 
READY line 


(open collector). In modes 1 and 2 
this pin requests a DMA transfer of 
data 
for 
a transmit 
operation 


(Channel A). 


DB7 
12 
I/O 
Data Bus: The Data Bus lines are 
bi-directional 
three 
state 
lines 


which 
interface 
with the system's 


Data Bus. 
DB6 
13 


DB5 
14 


DB4 
15 


DB3 
16 


DB2 
17 
, 


DB1 
18 


DBO 
19 


GND 
20 
Ground. 


Vcc 
40 
Power: 
+5V Supply. 


CTS. 
39 
I 
Clear To Send (Channel 
A): This 


signals that the modem is ready to 
accept data from the MPSC. Clear 
To Send will 
enable 
Channel 
B 
, 
transmitter 
if modem enables are 


selected, otherwise this pin may be 
used as a general purpose input. 


RTS. 
38 
0 
Request To Send (Channel A): Re- 
quest To Send (Channel A) is a gen- 
eral purpose output generally used 
to signal that Channel A is ready to 
send data. 


TxD. 
37 
0 
Transmit 
Data (Channel 
A): This 


line transmits the serial data to the 
communications 
channel (Channel 


A). 


TxC. 
36 
I 
Transmitter 
Clock 
(Channel 
A): 


The transmitter 
clock (Channel A) 


clocks out data on the TxD. pin. 


RxC. 
35 
I 
Receiver Clock (Channel 
A): The 


receiver clock (Channel A) clocks in 
data on the RxD. pin. 


RxD. 
34 
I 
Receive 
Data (Channel 
A): This 


line receives serial data from the 
communications 
channel (Channel 


A). 


SYNDET. 
33 
I/O 
Synchronous 
Detection 
(Channe' 


A): This pin is used in byte syn- 
chronous mode as either an internal 
sync detect (output) or as a means 
to force external synchronization 
(input). In SDlC mode, this pin is an 
output indicating 
flag detection. In 


asynchronous 
mode it is a general 


purpose input (Channel A). 


Pin 
Symbol 
No. 
Type 
Name and Function 
-- 
RDY,J 
32 
0 
Ready: In mode 0 this pin is used 
RxDRQ. 
to synchronize 
data transfers for 
both receive and transmit of Chan- 
nel A to the controlling processor's 
READY line (open 
collector). 
In 
modes 1 and 2 RxDRQ. requests a 
DMA transfer of data for a receive 
operation for Channel A. 


DTR. 
31 
0 
Data Terminal 
Ready: This pin is 
Data Terminal Ready (Channel A) 
which is a general purpose output. 


IPO/ 
30 
0 
Interrupt 
Priority Out: In modes 0 
TxDRQ. 
and 1,IPO is Interrupt Priority Out. II 
is used to establish 
a hardware 
interrupt priority scheme with IPI. II 
is low only if IPI is low and the con- 
trolling 
processor is not servicing 
an interrupt 
from this 
MPSC. In 
mode 2, TxDRQ. requests a DMA 
transfer of data for atransmit opera- 
tion for Channel B. 


IPI/ 
29 
I/O 
Interrupt 
Priority 
In: In modes 0 
RxDRQ. 
and 1, IPI is Interrupt Priority In. A 
. 
low on IPI means that no higher 
priority device is being serviced by 
the controlling 
processor's 
inter- 
rupt service 
routine. 
In mode 2, 


RxDRQ. requests a DMA transfer of 
data for a receive operation 
for 
Channel B. 


The Intel® 8274 Multi-Protocol 
Serial Controller 
is a 
microcomputer 
peripheral 
device 
which 
supports 
Asynchronous 
(Start/Stop), 
Byte 
Synchronous 


(Monosync, 
IBM Bisync), 
and 
Bit Synchronous 


(ISO's 
HDLC, 
IBM's 
SDLC) 
protocols. 
This 
con- 


troller's 
flexible 
architecture 
allows easy implemen- 


tation 
of many variations 
of these three 
protocols 
with 
low software 
and hardware 
overhead. 


The Multi-Protocol 
Serial Controller 
(M PSC) imple- 
ments two independent 
serial 
receiver/transmitter 
channels. 
. 


The MPSC supports 
several 
microprocessor 
inter- 


face options; 
Polled, Wait, Interrupt 
driven and DMA 
driven. 
The MPSC is designed 
to support 
Intel's® 


MCS-85 and iAPX 86, 88 families. 


This data sheet 
will 
describe 
the serial 
protocol 


functions, 
the microprocessor 
interface, 
a detailed 
register 
and command 
description, 
general system 
operations, 
specifications, 
and waveforms. 


Pin 
Symbol 
No. 
Type 
Name and Function 


INT 
28 
0 
Interrupt: 
The interrupt 
signal in- 
dicates 
that the 
highest 
priority 


internal interrupt 
requires service 


(open collector). Priority can be re- 
solved via an external interrupt con- 
troller or a daisy-chain scheme. 


INTA 
27 
I 
Interrupt 
Acknowledge: 
This 
In- 


terrupt 
Acknowledge 
allows 
the 


highest priority interrupting 
device 


to generate an interrupt vector. 


-- 
Data Terminal Ready (Channel B): 
DTR. 
26 
0 
This is a general purpose output. 


A" 
25 
I 
Address: 
This line selects Chan- 
nel A or B during data or command 
transfers. A low selects Channel A. 


A, 
24 
I 
Address: 
This line selects between 
data 
or 
command 
information 


transfer. A low means data. 


CS 
23 
I 
Chip Select: 
Chip Select enables 


RD or WR. 


- 
RD 
22 
I 
Read: Read controls a data byte or 
status byte transfer from the MPSC 
to CPU. 


WR 
21 
I 
Write: 
Write controls 
transfer 
of 


data or commands to the MPSC. 


This section 
of the data sheet describes 
how the 
Asynchronous 
and Synchronous 
protocols 
are im- 


plemented 
in the MPSC. It describes 
general 
con- 
siderations, 
transmit 
operation, 
and receive opera- 


tion for Asynchronous, 
Byte Synchronous, 
and Bit 


Synchronous 
protocols. 


For operation 
in the asynchronous 
mode, the MPSC 


must be initialized 
with the following 
information: 


character 
length 
(WR3; D7, D6 and WR5; D6, D5), 


clock rate (WR4; D7, D6). number of stop bits (WR4; 
D3, D2), odd, even or no parity (WR4; D1, DO). inter- 
rupt mode (WR1, WR2), and receiver 
(WR3; DO) or 


transmitter 
(WR5; D3) enable. 
When loading 
these 


parameters 
into the MPSC, WR4 information 
must 


inter 


be written 
before 
the WR1, WR3, WRS parameters/ 


commands. 
(See Detailed 
Command 
Description 
Section). 


For transmission 
via a modem or RS232C interface, 


the Request To Send (RTS) (WRS; 01) and Data Ter- 
minal Ready (OTR) (WRS; 07) bits must be set along 
with the Transmit 
Enable bit (WRS; 03). Setting 
the 
Auto Enables (WR3; 05) bit allows the programmer 
to send the first 
character 
of the message 
without 
waiting 
for a clear to send (CTS). 


Both the Framing 
Error and Receive Overrun 
Error 


flags are latched and cause an interrupt, 
i.e., if status 


affects 
vector 
(WR1 B; 02) is selected, 
the interrupt 


vector 
indicates 
a special 
Receive condition. 


If the 
External/Status 
Interrupt 
bit (WR1; 
DO) is 


enabled, 
Break Detect (RRO; 07) and Carrier 
Detect 


(RRO; 03) will 
cause 
an interrupt. 
Reset External/ 
Status Interrupts 
(WRO; OS, 04, 03) will clear Break 
Detect and Carrier 
Detect bits if they are set. 


A status 
read after 
a data 
read will 
include 
error 
status for the next word in the buffer. 
If the Interrupt 


on First Character 
(WR1; 04, 03) is selected, 
then 


data and error 
status 
are held until 
an Error 
Reset 


command 
(WRO; OS, 04, 03) is given. 


If the Interrupt 
on Every Character 
Mode bit (WR1; 


04,03) 
is selected, 
the interrupt 
vector is different 
if 


there is an error status in RR1. When the character 
is 
read, the error status 
bit is set and the Special 
Re- 


ceive Condition 
vector 
is returned 
if Status Affects 


vector 
(WR1 B; 02) is selected. 


In a polled 
environment, 
the 
Receive 
Character 


Available 
bit (RRO; DO) must be monitored 
so that 


the CPU can determine 
when data is available. 
The 


bit is reset automatically 
when the data is read. 


If the X1 clock mode is selected, the bit synchroniza- 
tion 
must be accomplished 
externally. 


The transmit 
function 
begins when the Transmit 
En- 


able bit (WRS; 03) is set. The MPSC automatically 
adds the start bit, the programmed 
parity 
bit (odd, 


even or no parity) 
and the programmed 
number 
of 


stop bits (1, 1.5 or 2 bits) to the data character 
being 


transmitted. 


The Serial data is shifted out from the Transmit 
Data 
(TxO) output 
on the falling 
edge 
of the Transmit 


Clock (TxC) input, at a nite programmable 
to 1,1/16, 


1/32nd, 
or 1/64th of the clock 
rate supplied 
to the 


TxC input. 


The TxO output 
is held high when the transmitter 
has 


no data to send, unless, under program 
control, 
the 


Send Break (WRS; 04) command 
is issued to hold 


the TxO low. 


If the External/STATUS 
Interrupt 
bit (WR1 ; DO)is set, 


the status 
of CD, CTS and SYNOET are monitored, 


and, if any changes occur for a period oftime 
greater 


than the minimum 
specified 
pulse width, 
an inter- 


rupt 
is generated. 
CTS is usually 
monitored 
using 


this interrupt 
feature. 


If the Auto Enables 
(WR; 05) option 
is selected 
the 


program mer need not wait for the CTS before send- 
ing the first character. 
The MPSC will automatically 


wait for the CTS pin to go active before the transmis- 
sion begins. 


The Transmit 
Buffer Empty bit (RRO; 02) is set by the 


MPSC when the data byte from the buffer 
is loaded 
in the transmit 
shift 
register. 
The data is written 
to 


the MPSC only when the Tx buffer becomes empty to 
prevent 
overwriting. 


07 
06 
05 
04 
03 
02 
01 
DO 


00 Rx 5 b/char 
WR3 
01 Rx 7 b/char 
AUTO 
0 
0 
0 
0 
Rx 


10 Rx 6 b/char 
ENABLES 
ENABLE 
11 Rx 8 b/char 


00 Xl 
Clock 
00' ENABLE 
SYNC 
MODES 
EVEN/ 


WR4 
01 X16 Clock 
0 
0 
01 1 STOP 
BIT 
ODD 
PARITY 
10 X32 Clock 
10 1'12 STOP 
BITS 
PARITY 
ENABLE 


11 X64 Clock 
11 2 STOP 
BITS 


00 Tx 5 b/char 


WR5 
DTR 
01 Tx 7 b/char 
SEND 
Tx 
0 
RTS 
0 
10 Tx 6 b/char 
BREAK 
ENABLE 
11 Tx 8 b/char 


inter 


The receive 
function 
begins when the Receive En- 


able (WR3; 00) bit is set. If the Auto Enables (WR3; 
05) option 
is selected, then Carrier Oetect (CO) must 


also be low. A valid start bit is detected 
if a low per- 


sists for at least 
1/2 bit time 
on the Receive 
Oata 


(RxO) input. 


The data is sampled 
at mid-bit 
time, 
on the rising 


edge of RxC, until the entire character 
is assembled. 
The receiver inserts 1's when a character 
is less than 


8 bits. 
If parity 
(WR4; 
01, 00) is enabled 
and the 


character 
is less than 
8 bits the parity 
bit is not 


stripped 
from the character. 


The receiver also stores error status for each of the 3 
data characters 
in the data buffer. 
When a parity 


error is detected, 
the parity error flag (RR1; 04) is set 


and remains 
set until 
it is reset by the Error 
Reset 


command 
(WRO; OS, 04. 03). 


When a character 
is assembled 
without 
a stop 
bit 
being 
detected, 
the Framing 
Error 
bit (RR1; 06) is 


set. The detection 
of a Framing 
Error adds an ad- 
ditional 
1/2 bit time 
to the character 
time 
so the 


Framing 
Error is not interpreted 
as a new start bit. 


If the CPU fails to read a data character 
while more 
than three characters 
have been received, 
the Re- 
ceive Overrun 
bit (RR1; 05) is set. Only the overwrit- 
ten character 
is flagged 
with the Receive Overrun 


bit. When this occurs, 
the fourth 
character 
assem- 


bled replaces the third 
character 
in the receive buf- 


fers. The Receive Overrun 
bit (RR1; 05) is reset by 


the Error Reset command 
(WRO; OS, 04. 03). 


SYNCHRONOUS OPERATION- 
MONO SYNC, BI SYNC 


The MPSC must be initialized 
with the following 
pa- 


rameters: 
odd or even parity (WR4; 01.00). 
X1 clock 


mode 
(WR4; 
07. 06), 
8- or 16-bit 
sync character 


(WR4; OS, 04), CRC polynomial 
(WR5; 02), Trans- 


mitter 
Enable 
(WR5; 
03). 
interrupt 
modes 
(WR1, 


WR2). transmit 
character 
length 
(WR5; 06, 05) and 


receive 
character 
length 
(WR3; 
07,06). 
WR4 pa- 


rameters 
must be written 
before 
WR1, WR3. WR5, 


WR6 and WR7. 


The data is transmitted 
on the falling 
edge of the 


Transmit 
Clock, 
(TxC) and is received 
on the rising 


edge of Receive Clock 
(RxC). The X1 clock 
is used 


for both transm it and receive operations 
for all three 


sync modes: 
Mono. 
Bi and External. 


Transmit 
data is held high after channel 
reset. or if 


the transmitter 
is not enabled. 
A break may be pro- 


grammed 
to generate 
a spacing 
line that begins as 


soon as the Send Break (WR5; 04) bit is set. With the 
transmitter 
fully initialized 
and enabled, 
the default 


condition 
is continuous 
transmission 
of the 8- or 


16-bit sync character. 


Using interrupts 
for data transfer 
requires 
that the 


Transmit 
Interupt/OMA 
Enable bit (WR1; 01) be set. 


An interrupt 
is generated 
each time the transmit 
buf- 


fer becomes 
empty. The interrupt 
can be satisfied 


07 
06 
05 
04 
03 
02 
01 
DO 


00 Rx 5 b/char 
ENTER 
SYNC 
WR3 
01 Rx 7 b/char 
AUTO 
'HUNT 
Rx CRC 
0 
CHAR 
Rx 


10 Rx 6 b/char 
ENABLES 
MODE 
ENABLE 
LOAD 
ENABLE 


11 Rx 8 b/char 
INHIBIT 


00 
8 bit Sync 
EVEN/ 


WR4 
0 
0 
01 16 bit Sync 
0 
0 
ODD 
PARITY 


11 Ext Sync 
PARITY 
ENABLE 


00 Tx 5 b/char 
1 
WR5 
DTR 
01 Tx 7 b/char 
SEND 
Tx 
(SELECTS 
RTS 
Tx CRC 


10 Tx 6 b/char 
BREAK 
ENABLE 
CRC-16) 
ENABLE 


11 Tx 8 b/char 


inter 


either by writing 
another character 
into the transmit- 
ter or by resetting 
the Transmitter 
Interrupt/OMA 


Pending 
latch 
with 
a Reset Transmitter 
Interrupt/ 


OMA Pending Command 
(WRO; OS, 04, 03). If noth- 
ing more is written 
into the transmitter, 
there can be 


no further 
Transmit 
Buffer Empty interrupt, 
but this 
situation 
does cause a Transmit 
Underrun 
condition 


(RRO; 06). 


Oata Transfers 
using the ROY signal are for software 


controlled 
data transfers 
such as block moves. ROY 


tells the CPU that the MPSC is not ready to accept/ 
provide 
data 
and that 
the 
CPU must 
extend 
the 


output/input 
cycle. 
OMA data 
transfers 
use the 
TxORQ A/B signals which 
indicate 
that the transmit 
buffer is empty, and that the MPSC is ready to accept 
the next data character. 
If the data character 
is not 


loaded into the MPSC by the time the transmit 
shift 


register 
is empty, 
the 
MPSC enters 
the Transmit 


Underrun 
condition. 


The MPSC has two programmable 
options 
for solv- 


ing the transmit 
underrun 
condition: 
it can insert 


sync characters, 
or it can send the CRC characters 


generated 
so far, followed 
by sync characters. 
Fol- 


lowing 
a chip 
or 
channel 
reset, 
the 
Transmit 


Underrun/EOM 
status bit (RRO; 06) is in a set condi- 


tion allowing 
the insertion 
of sync characters 
when 


there is no data to send. The CRC is not calculated 
on these 
automatically 
inserted 
sync characters. 
When the CPU detects the end of message, a Reset 
Transmit 
Underrun/EO~ 
command 
can be issued. 


This allows CRC to be sent when the transmitter 
has 


no data to send. 


In the case of sync insertion, 
an interrupt 
is gener- 


ated only after the first automatically 
inserted 
sync 


character 
has been loaded in Transmit 
Shift Regis- 
ter. The status 
indicates 
the Transmit 
Underrun/ 


EOM bit and the Transmit 
Buffer Empty bit are set. 


In 
the 
case 
of 
CRC 
insertion, 
the 
Transmit 


Underrun/EOM 
bit is set and the Transmit 
Buffer 
Empty 
bit is reset while 
CRC is being 
sent. When 


CRC has been completely 
sent, the Transmit 
Buffer 


Empty status bit is set and an interrupt 
is generated 


to indicate 
to the CPU that another 
message 
can 


begin (this interrupt 
occurs 
because CRC has been 


sent and sync has been loaded into the Tx Shift Reg- 
ister). If no more messages are to be sent, the pro- 
gram can terminate 
transmission 
by resetting 
RTS, 
and disabiling 
the transmitter 
(WR5; 03). 


Bisync 
CRC Generation. 
Setting 
the Transmit 
CRC 


enable 
bit (WR5; 00) indicates 
CRC accumulation 


when the program 
sends the first data character 
to 


the 
MPSC. 
Although 
the 
MPSC 
automatically 


transmits 
up to two sync characters 
(16 bit sync), it is 


wise to send a few more sync characters 
ahead of 


the message 
(before 
enabling 
Transmit 
CRC) to 


ensure synchronizatior;l 
at the receiving 
end. 


The Transm it CRC Enable bit can be changed 
on the 


fly any time in the message to include 
or exclude 
a 


particular 
data character 
from 
CRC accumulation. 


The Transmit 
CRC Enable bit should 
be in the de- 


sired state when the data character 
is loaded from 


the transmit 
shift 
register. 
To ensure this bit in the 


proper 
state, the Transmit 
CRC Enable bit must be 


issued 
before 
sending 
the data character 
to the 


MPSC. 


Transmit 
Transparent 
Mode. 
Transparent 
mode 


(Bisync protocol) 
operation 
is made possible 
by the 


ability to change Transmit CRC Enable on the fly and 
by the additional 
capability 
of inserting 
16 bit sync 


characters. 
Exclusion 
of OLE characters 
from CRC 


calculation 
can be achieved by disabling 
CRC calcu- 


lation 
immediately 
preceding 
the OLE character 


transfer 
to the MPSC. 


In the transmit 
mode, the transmitter 
always sends 


the programmed 
number of sync bits (8 or 16) (WR4; 


OS, 04). When in the Monosync 
mode, the transmit- 


ter sends 
from 
WR6 and the receiver 
compares 


against WR7. One of two CRC polynomials, 
CRC 16 


or SOLC, may be used with synchronous 
modes. In 


the 
transmit 
initialization 
process, 
the 
CRC 


generator 
is initialized 
by setting the Reset Transmit 


CRC Generator 
command 
(WRO; 07, 06). 


The External/Status 
interrupt 
(WR1; 00) mode can 


be used to monitor 
the status 
of the CTS input 
as 


well as the Transmit 
Underrun/EOM 
latch. 
Option- 


ally, the Auto Enable (WR3; 05) feature can be used 
to enable 
the transm itter when CTS is active. 
The 


first data transfer 
to the MPSC can begin when the 


External/Status 
interrupt 
occurs 
(CTS (RRO; 05) 


status 
bit set) following 
the Transmit 
Enable com- 


mand (WR5; 03). 


After 
a channel 
reset, the receiver 
is in the Hunt 


phase, during 
which 
the MPSC looks for character 


synchronization. 
The Hunt begins only when the re- 


ceiver is enabled and data transfer 
begins only when 


character 
synchronization 
has been achieved. 
If 


character 
synchronization 
is lost, the hunt phase 


can be re-entered 
by writing 
the Enter Hunt Phase 


(WR3; 04) bit. The assembly 
of received 
data con- 


tinues until the MPSC is reset or until the receiver is 


inter 


disabled 
(by command 
or by CO while 
in the Auto 
Enables 
mode) or until the CPU sets the Enter Hunt 


Phase bit. Under 
program 
control, 
all the leading 
sync 
characters 
of the message 
can be inhibited 
from loading 
the receive buffers 
by setting the Sync 
Character 
Load Inhibit (WR3; 01) bit. After character 
synchronization 
is achieved 
the assembled 
charac- 
ters are transferred 
to the receive 
data FIFO. 


Oata may be transferred 
with or without 
interrupts. 


Transferring 
data without 
interrupts 
is used for a 
pu rely polled 
operation 
or for off-line 
conditions. 


There are three 
interrupt 
modes 
available 
for data 


transfer: 
Interrupt 
on First Character 
Only, Interrupt 


on Every Character, 
and Special Receive Conditions 
Interrupt. 


Interrupt 
on First Character 
Only mode is normally 
used to start 
a polling 
loop, 
a block 
transfer 
se- 
quence 
using ROY to synchronize 
the CPU to the in- 
coming 
data rate or a OMA transfer 
using the RxORQ 
signal. 
The MPSC interrupts 
on the first 
character 
and thereafter 
only interrupts 
after 
a Special 
Re- 
ceive 
Condition 
is detected. 
This 
mode 
can 
be 
reinitialized 
using the Enable Interrupt 
On Next Re- 
ceive Character 
(WRO; OS, 04, 03) command 
which 
allows 
the next character 
received 
to generate 
an 
interrupt. 
Parity Errors do not cause interrupts, 
but 
End of Frame (SOLC operation) 
and Receive Over- 
run do cause interrupts 
in this mode. If the external 
status interrupts 
(WR1; 00) are enabled an interrupt 
may be generated 
any time the CO changes 
state. 


Interrupt 
On Every Character 
mode generates 
an 


interrupt 
whenever 
a character 
enters 
the receive 
buffer. 
Errors and Special 
Receive Conditions 
gen- 
erate a special 
vector 
if the Status 
Affects 
Vector 


(WR1 B; 02) is selected. Also the Parity Error may be 


program med (WR 1; 04, 03) not to generate the spe- 
cial vector while in the Interrupt 
On Every Character 


mode. 


The Special 
Receive 
Condition 
interrupt 
can only 


occur while in the Receive Interrupt 
On First Charac- 


ter Only or the Interrupt 
On Every Receive Character 


modes. The Special 
Receive 
Condition 
interrupt 
is 


caused by the Receive Overrun 
(RR1; 05) error con- 


dition. 
The error status 
reflects 
an error 
in the cur- 


rent word 
in the receive 
buffer, 
in addition 
to any 


Parity or Overrun 
errors 
since the last Error 
Reset 


(WRO; OS, 04, 03). The Receive Overrun 
and Parity 


error status bits are latched and can only be reset by 
the Error Reset (WRO; OS, 04, 03) command. 


Like the other 
synchronous 
operations 
the SOLC 


mode must be initialized 
with the following 
parame- 


ters: SOLC mode (WR4; OS, 04), SOLC polynomial 
(WR5; 02), Request to Send, Oata Terminal 
Ready, 


transmit 
character 
length 
(WR5; 06, 05), interrupt 


modes 
(WR1; 
WR2), Transmit 
Enable 
(WR5; 
03). 


Receive 
Enable (WR3; 00), Auto Enable (WR3; 05) 


and 
External/Status 
Interrupt 
(WR1; 
00). WR4 


parameters 
must 
be written 
before 
WR1, 
WR3, 


WR5, WR6 and WR7. 


The Interrupt 
modes for SOLC operation 
are similar 


to those 
discussed 
previously 
in the synchronous 


operations 
section. 


07 
06 
05 
04 
03 
02 
01 
DO 


00 Rx 5b/char 
ENTER 
Rx 
ADDRESS 
Rx 


WR3 
01 Rx 7b/char 
AUTO 
HUNT 
CRC 
SEARCH 
0 
ENABLE 


10 Rx 6b/char 
ENABLES 
MODE 
ENABLE 
MODE 


11 Rx 8b/ch ar 


0 
0 
1 
0 
0 
0 
0 
0 


WR4 
(SELECTS SDLCI 


HDLC MODE) 


00 Tx <;;5b/char 
0 
WR5 
DTR 
01 Tx 7b/char 
0 
Tx 
(SELECTS 
RTS 
Tx 


10 Tx 6b/char 
ENABLE 
SDLCI 
CRC 


11 Tx 8b/char 
HDLC 
ENABLE 


J 
CRC) 


inter 


After 
a channel 
reset, 
the 
MPSC 
begins 
sending 
SOLC 
flags. 


Following 
the flags 
in an SOLC operation 
the 8-bit 
address 
field, 
control 
field and information 
field may 


be sent 
to the 
MPSC 
by the 
microprocessor. 
The 


MPSC 
transmit~ 
the 
Frame 
Check 
Sequence 
using 


the Transmit 
Underrun 
feature. 
The MPSC automat- 


ically 
inserts 
a zero 
after 
every 
sequence 
of 5 con- 


secutive 
1's except 
when 
transmitting 
Flags 
or 


Aborts. 


SOLC-Iike 
protocols 
do not have provision 
for fill 


characters 
within 
a message. 
The MPSC 
therefore 


automatically 
terminates 
an SOLC frame 
when 
the 


transmit 
data 
buffer 
and output 
shift 
register 
have 


no more 
bits to send. 
It does this 
by sending 
the two 


bytes of CRC and then one or more flags. This allows 
very 
high-speed 
transmissions 
under 
OMA or CPU 


control 
without 
requiring 
the 
CPU 
to 
respond 


quickly 
to the end-of-message 
situation. 


After 
a reset, the Transmit 
Underrun/EOM 
status 
bit 


is in the set state and prevents 
the insertion 
of CRC 


characters 
during 
the time there 
is no data to send. 
Flag characters 
are sent. The MPSC begins 
to send 


the frame 
when 
data is written 
into the transmit 
buf- 


fer. 
Between 
the time 
the first 
data 
byte is written, 
and 
the 
end 
of the 
message, 
the 
Reset 
Transmit 


Underrun/EOM 
(WRO; 05,04,01) 
command 
must 


be issued. 
The Transmit 
Underrun/EOM 
status 
bit 


(RRO; 06) is in the reset state 
at the end of the mes- 


sage 
which 
automatically 
sends 
the 
CRC 


characters. 


The 
MPSC 
may 
be programmed 
to issue 
a send 


Abort 
command 
(WRO; OS, 04, 03). This 
command 


causes 
at least eight 
1's but less than fourteen 
1's to 


be sent 
before 
the line' reverts 
to continuous 
flags. 


After 
initialization, 
the MPSC enters 
the Hunt phase, 


and remains 
in the Hunt 
phase 
until 
the first 
Flag is 


received. 
The 
MPSC 
never 
again 
enters 
the 
Hunt 


phase 
unless 
the 
microprocessor 
writes 
the 
Enter 


Hunt 
command. 


The MPSC can be programmed 
to receive 
all frames 


or it can 
be programmed 
to the 
Address 
Search 


Mode. 
In the Address 
Search 
Mode, only frames 
with 


addresses 
that match 
the value 
in WR6 or the global 


address 
(OFFH) are received 
by the MPSC. Extended 


address 
recognition 
must be done 
by the micropro- 


cessor 
software. 


The control 
and 
information 
fields 
are received 
as 


data. 


SOLC/HOLC 
CRC calculation 
does not have an 8-bit 


delay, since 
all characters 
are included 
in the calcu- 


lation, 
unlike 
Byte Synchronous 
Protocols. 


Reception 
of an abort 
sequence 
(7 or more 
1's) will 


cause the Break/Abort 
bit (RRO; 07) to be set and will 


cause 
an External/Status 
interrupt, 
if enabled. 
After 


the Reset 
External/Status 
Interrupts 
Command 
has 


been issued, 
a second 
interrupt 
will occur 
at the end 


of the abort 
sequence. 


GENERAL 
The MPSC supports 
an extremely 
flexible 
set of se- 


rial and system 
interface 
modes. 


The system 
interface 
to the CPU consists 
of 8 ports 


or buffers: 


cs 
A 
A, 
Read Operation 
Write Operation 


0 
0 
0 
Ch. A Data 
Read 
Ch. A Data 
Write 


0 
0 
1 
Ch. A Status 
Read 
Ch. 
A Command/Parameter 


0 
1 
0 
Ch. 
B Data 
Read 
Ch. 
B Data 
Write 
0 
1 
1 
Ch. B Status Read 
Ch. 
B Command/Parameter 
, 
X 
X 
High 
Impedance 
High 
Impedence 


Oata buffers 
are addressed 
by A1 = 0, and Command 


ports 
are addressed 
by A1 = 1. 


Command, 
parameter, 
and 
status 
information 
is 


held 
in 22 registers 
within 
the MPSC 
(8 write 
regis- 


ters and 3 read registers 
for each channel). 
They are 


all accessed 
via the 
command 
ports. 


An internal 
pointer 
register 
selects 
which 
of the 


command 
or status 
registers 
will 
be read or written 


during 
a command/status 
access 
of 
an 
MPSC 


channel. 


intJ 


02 
01 
DO 
_I 
W 
: 
R 
: 
o : 
I I 
0 
0 
0 
R 
R 
0 


0 
-I 
W 
R 
I I 
R 
R 


0 
0 
-I 
W 
R 
2 
I 
1 


R 
R 
I 


MSB 
LSB 


-I 


Read 
Registers 


0 
W 
R 
3 


0 
0 
-I 
W 
R 
4 


I, 


-I 
W 
R 


-I 
W 
R 


0 
0 
0 
_I 
W 
R 
7 
I 
MSB 
LSB 


Write 
Registers 


Figure 
3. Command/Status 
Register 
Architecture 
(each 
serial 
channel) 


After reset, the contents 
of the pointer 
register are 
into the Command/Status 
Pointer. The next read 
zero. The first write to a command 
register causes 
or write operation 
accesses the read or write reg- 
the data to be 19aded into Write Register D(WRD). 
ister selected 
by the pointer. 
The pointer 
is reset 
The three least significant 
bits of WRD are loaded 
after the read or write 
operation 
is completed. 


inter 


COMMAND/STATUS DESCRIPTION 
The following 
command 
and status bytes are used 


during initialization 
and execution 
phases of opera- 


tion. 
All Command/Status 
operations 
on the two 


channels 
are identical, 
and independent, 
except 


where noted. 


o 
NULL 
CODE 


o 
SEND ABORT 
(SDLC) 


o 
RESET EXT/STATUS 
INTERRUPTS 


o 
CHANNEL 
RESET 


1 
ENABLE 
INTERRUPT 
ON NEXT Rx 


CHARACTER 


RESET TxINT/DMA 
PENDING 


ERROR 
RESET 


END 
OF INTERRUPT 


o 
NULL 
CODE 


1 
RESET 
Ax CAe 
CHECKER 


o 
RESET Tx CRC GENERATOR 


1 
RESET Tx UNDERRUN/EOM 
LATCH 


WRO 
02, 01, DO-Command/Status 
Register Pointer bits 


determine 
which write-register 
the next byte is to be 


written into, or which read-register the next byte is to 
be read from. After reset, the first byte written 
into 


either channel 
goes into WRO. Following 
a read or 


write to any register 
(except WRO) the pointer 
will 


point to WRO. 


05, 04, D3-Command 
bits determine 
which of the 


basic seven commands 
are to be perlormed. 


Command 0 


Command 
1 


07,06 


00 


01 


Null-has 
no effect. 


Send Abort-causes 
the genera- 


tion of eight to thirteen 
1's when 


in the SDLC mode. 


Reset External/Status 
Interrupts- 


resets the 
latched 
status 
bits 
of 


RROand re-enables them, allowing 
interrupts 
to occur again. 


Channel 
Reset-resets 
the Latch- 


ed 
Status 
bits 
of 
RRO, 
the 


interrupt 
prioritization 
logic 
and 


all 
control 
registers 
for 
the 


channel. 
Four 
extra 
system 


clock 
cycles 
should 
be allowed 


for 
MPSC reset time 
before 
any 


additional 
commands 
or controls 


are written 
into the channel. 


Enable Interrupt 
on Next Receive 


Character-if 
the 
Interrupt 
on 


First 
Receive 
Character 
mode 
is 


selected, 
this 
command 
reacti- 


vates that 
mode after each com- 


plete 
message 
is 
received 
to 


prepare 
the 
MPSC for 
the 
next 


message. 


Reset Transmitter 
Interrupt/DMA 


Pending-if 
The 
Transmit 


Interrupt/DMA 
Enable 
mode 
is 


selected, the MPSC automatically 
interrupts 
or requests 
DMA data 


transfer 
when the transmit 
buffer 


becomes empty. When there are no 
more 
characters 
to 
be 
sent, 


issuing 
this 
command 
prevents 


further 
transmitter 
interrupts 
or 


DMA 
requests 
until 
the 
next 


character 
has 
been 
completely 


sent. 


Error 
Reset-error 
latches, 
Pari- 


ty and Overrun errors 
in RR1 are 


reset. 


End 
of 
Interrupt-resets 
the 
interrupt-in-service 
latch 
of the 


highest-priority 
internal 
device 


under service. 


CRC Reset Code 


Null-has 
no effect. 


Reset 
Receive 
CRC Checker- 


resets the CRC checker to O's. If in 
SDLC mode the CRC checker 
is 


initialized 
to all 1'so 


inter 


Reset 
Transm it CRC 
Generator 
-resets 
the 
CRC 
generator 
to 
O's. If in SOLC 
mode 
the 
CRC 
generator's 
initialized 
to all 1'so 


Reset Tx Underrun/End 
of Message 
Latch.' 


STATUS AFFECTS 


VECTOR(CHBONLY) 
(NULL 
COOE CH 
A) 


1 = VARIABLE 
VECTOR 


0= 
FIXEO 
VECTOR 


RxlNT 
ON FIRST 
CHAR 
OR SPECIAL 
CONDITION 


INT ON ALL 
Rx CHAR 
(PARITY 
AFFECTS 
VECTOR) 
OR SPECIAL 
CONDITION 


INT ON ALL Rx CHAR 
(PARITY 
DOES 
NOT 
AFFECT 
VECTOR) 
OR SPECIAL 
CONDITION 


DO 
External/Status 
Interrupt 
Enable 
-allows 
interrupt 
to occur as the 
result 
of transitions 
on the 
CO, 


CTS 
or 
SYNOET 
inputs. 
Also 
allows interrupts 
as the result of a 
Break/Abort 
detection 
and termi- 
nation, or at the beginning 
of CRC, 
or sync 
character 
transmission 
when the Transmit 
Underrun/EOM 
latch becomes 
set. 


Transmitter 
Interrupt/OMA 
Enable 


-allows 
the MPSC to interrupt 
or 


request 
a OMA transfer 
when the 


transmitter 
buffer becomes empty. 


Status 
Affects 
vector-(WR1, 
02 


active 
in channel 
B only.) 
If this 


bit is not set, then the fixed vector, 
programmed 
in WR2, is returned 


from 
an 
interrupt 
acknowledge 


sequence. 
If the bit is set then the 


vector returned 
from 
an interrupt 


acknowledge 
is variable as shown 
in the Interrupt 
Vector Table. 


04,03 


o 
0 
o 


Receive Interrupt 
Mode 


Receive Interrupts/OMA 
Disabled 


Receive Interrupt 
on First Charac- 


ter Only or Special Condition 


Interrupt 
on All 
Receive 
Charac- 


ters 
or Special 
Condition 
(Parity 


Error is a Special 
Receive Condi- 


tion) 


Interrupt 
on All 
Receive 
Charac- 


ters 
or Special 
Condition 
(Parity 


Error 
is not 
a Special 
Receive 


Condition). 


Wait on Receive/Transmit-when 
the following 
conditions 
are met 


the ROY pin is activated, otherwise 
it 
is 
held 
in the 
High-Z 
state. 


(Conditions: 
Interrupt 
Enabled 


Mode, 
Wait 
Enabled, 
CS 
= 0, 


AO = 0/1, and A1 = 0). The ROY 
pin is pulled 
low when the trans- 


mitter 
buffer 
is full or the receiver 


buffer 
is empty 
and 
it is driven 


High when the transmitter 
buffer is 


empty or the receiver buffer is full. 
The 
ROYA 
and 
ROYe 
may 
be 


wired 
OR connected 
since 
only 


one signal is active at anyone 
time 


while 
the 
other 
is in the 
High 
Z 


state. 


Must be Zero 


Wait 
Enable-enables 
the 
wait 


function. 


inter 


System 
Configu 
ration-These 
specify 
the 
data 
transfer 
from 
MPSC channels to the CPU, either 
interrupt 
or DMA based. 


Channel A and Channel B both use 
interrupts 


Channel A uses DMA, Channel B 
uses interrupt 


Channel 
A and Channel 
B both 
use DMA 


Illegal Code 


Priority-this 
bit 
specifies 
the 
relative 
priorities 
of the 
internal 
MPSC interrupt/DMA 
sources. 


(Highest) RxA, TxA, RxB, TxB 
ExTA, ExTB (Lowest) 


(Highest) RxA, RxB, TxA, TxB, 
ExTA, ExTB (Lowest) 


D5, D4, D3 
Interrupt 
Code-specifies 
the 


behavior of the MPSC when it re- 
ceives an interrupt 
acknowledge 


sequence from the CPU. (See Inter- 
rupt- Vector Mode Table). 


o 
X 
X 
Non-vectored 
interrupts-in- 


tended for use with external DMA 
CONTROLLER. The Data Bus re- 
mains in a high impedence 
state 


during INTA sequences. 


o 
0 
8085 Vector Mode 1-'-i ntended for 
use as the primary MPSC in a daisy 
chained 
priority 
structure. 
(See 


System Interface section) 


8085 Vector Mode 2-intended 
for 


use as any secondary 
MPSC in a 


daisy chained priority structure. 
(See System Interface section) 


8086/88 Vector 
Mode-intended 


for 
use as either 
a primary 
or 


secondary 
in a daisy 
chained 


priority 
structure. 
(See System 


Interface section) 


1 
PIN 
10 
=:: 
SYNDET 
B 


o 
PIN 10 = RTSs 


- 
MODE 
INTA 
Data 
Bus 
D5 
D4 
D3 
IPI 


D7 
DO 


0 
X 
X 
X 
Non-vectored 
Any INTA 
High 
Impedance 


1 
0 
0 
0 
85 Mode 
1 
1st INTA 
1 
1 
0 
0 
1 
1 
0 
1 


2nd INTA 
V7 V6 V5 V4* 
V3* 
V2* 
V1 VO 


3rd INTA 
0 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
1 
85 Mode 
1 
1st INTA 
1 
1 
0 
0 
1 
1 
0 
1 


2nd INTA 
High Impedance 


3rd INTA 
High 
Impedance 


1 
0 
1 
0 
85 Mode 
2 
1st INTA 
High Impedance 


2nd INTA 
High 
Impedance 


3rd INTA 
High 
Impedance 


1 
1 
0 
0 
86 Mode 
1st INTA 
High 
Impedance 


V7 V6 V5 V4 
V3 
V2* 
V1*VO* 


1 
1 
0 
1 
86 Mode 
1st INTA 
High 
Impedance 


2nd INTA 
High 
Impedance 


Int/OMA 


Ch. A WR2 
Mode 
Pin Functions 
Priority 


ROYAl 
ROYBI 
IPII 
IPOI 


RxORQA 
TxORQA 
RxORQB 
TXORQB 


O2 
01 
DO 
CH.A 
CH. B 
Pin 32 
Pin 11 
Pin 29 
Pin 30 
Highest 
Lowest 


0 
a 
0 
INT 
INT 
RxA, TxA, RxB, TxB, EXTA, EXT B 


RDYA 
iPi 
- 
RDYB 
IPO 
1 
a 
0 
INT 
INT 
RxA, RxB, TxA, TxB, EXTA, EXT B 


0 
0 
1 
DMA 
RxA, TxA 
(DMA) 
-- 
---- 
-1----------- 
INT 
- 
- 
RxA 
, RxB, TxB, EXTA, EXT B (INT) 


RxDRQA 
TxDRQA 
IPI 
IPO 


1 
0 
1 
DMA 
RxA,TxA 
(DMA) 
- - - 
- -- 


~A-1,RxB,TxB, 
EXT~, EXTB{INT)- 
- 
INT 


0 
1 
0 
DMA 
DMA 
RxA'1TxA, ~xB, TxB (DMA) 


RxDRQA 
TxDRQA 
RxDRQB 
RxA 
, RxB 
, EXTA, EXTB (INT) 


TxDRQB 
RxA'1RxB, TxA, TxB, 
(DMA) 


1 
1 
a 
DMA 
DMA 
RxA 
, RxB 
, EXTA' EXT B (INT) 


inter 


I 


8085 Modes 
V4 
V3 
V2 
8086/88 Mode 
V2 
V1 
Vo 
Channel 
Condition 


Note 
1: Special 
0 
0 
0 
B 
Tx Buffer 
Empty 
Receive 
Condition= 
0 
0 
1 
Ext/Status 
Change 


Parity 
Error, 
0 
1 
0 
Rx Char. Available 


Rx Overrun 
Error, 
0 
1 
1 
Special 
Rx Condition 
Framing 
Error, 
(Note 
1) 
End of Frame 
(SDLC) 


1 
0 
0 
A 
Tx Buffer 
Empty 
1 
0 
1 
Ext/Status 
Change 
1 
1 
0 
Rx Char. Available 
1 
1 
1 
Special 
Rx Condition 


I 
(Note 
1) 


MSB 
lSB 


In:~:n:~:":n:~:~I 


L,,"", 


Interrupt 
vector-This 
register contains 


the value of the interrupt 
vector placed 


on the 
data 
bus during 
interrupt 
ac- 


knowledge sequences. 


WR3 
DO 
Receiver 
Enable-A 
one enables 
the re- 
ceiver to begin. This bit should 
be set only 
after the receiver 
has been initialized. 


Sync Character 
Load Inhibit-A 
one pre- 


vents 
the 
receiver 
from 
loading 
sync 


characters 
into the receive buffers. 


Address Search Mode-If 
the SOLC mode 
has 
been 
selected, 
the 
MPSC 
will 
re- 
ceive all frames unless this bit is a 1. If this 
bit is a 1, the MPSC will receive only frames 
with 
address 
bytes that match the global 
address 
(OFFH) or the value 
loaded 
into 


WR6. This bit must be zero in non-SOLC 
modes. 


Receive 
CRC Enable-A 
one in this 
bit 


enables 
(or re-enables) 
CRC calculation. 


CRC calculation 
starts with the last charac- 


ter placed 
in the Receiver 
FIFO. A zero in 
this 
bit disables, 
but does not reset, the 
Receiver CRC generator. 


Enter Hunt Phase-After 
initialization, 
the 
MPSC automatically 
enters the Hunt mode. 


If synchronization 
is lost, the Hunt phase 


can be re-entered 
by writing 
a one to this 
bit. 


05 
Auto 
Enables-A 
one written 
to this 
bit 
causes CO to be automatic 
enable 
signal 


for the receiver and CTS to be an automatic 
enable 
signal 
for the transmitter. 
A zero 
written to this bit limits the effect of CD and 
CTS signals to setting/resetting 
their corre- 
sponding 
bits in the status register 
(RRO). 


WR4 
DO 
Parity-a 
one in this 
bit causes 
a parity 


bit to be added to the programmed 
number 


of data 
bits 
per character 
for 
both 
the 


transmitted 
and received 
character. 
If the 


MPSC is programmed 
to receive 8 bits per 


character, 
the parity bit is not transferred 


to the microprocessor. 
With other receiver 


character 
lengths, 
the parity 
bit is trans- 


ferred to the microprocessor. 


Even/Odd 
Parity-if 
parity 
is enabled, 
a 


one in this bit causes the MPSC to transmit 
and expect even parity, and a zero causes 
it to send and expect odd parity. 


o 
Async mode, 1-1/2stop bits/character 


1 
Async mode, 2 stop bits/character 


D7, D6 
Clock 
mode-selects 
the clock/data 
rate 
multiplier 
for both 
the receiver 
and the 


transmitter. 
1x mode must be selected 
for 
synchronous 
modes. 
If the 
1x mode 
is 
selected, 
bit synchronization 
must be done 
externally. 
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Transmit 
CRC Enable-a 
one 
in this 
bit 


enables 
the 
transm itter 
CRC generator. 


The 
CRC 
calculation 
is done 
when 
a 


character 
is 
moved 
from 
the 
transmit 


buffer 
into the shift register. 
A zero in this 


bit disables 
CRC calculations. 
If this bit is 


not 
set 
when 
a transmitter 
underrun 


occurs, 
the CRC will not be sent. 


Request to Send-a 
one in this bit forces 


the RTS pin active (low) and zero in this bit 
forces the RTS pin inactive 
(high). 


CRC Select-a 
one in this bit selects 
the 


CRC -16 
polynomial 
(X16 + X15 + X2 + 1) 


and a zero in this bit selects the CCITT-CRC 
polynomial 
(X16 + X15 + X5 + 1). 


Transmitter 
Enable-a 
zero 
in this 
bit 


forces 
a marking 
state on the transmitter 


output. 
If this bit is set to zero during 
data 


or sync character 
transmission, 
the mark- 


ing state is entered 
after the character 
has 


been sent. If this bit is set to zero during 
transmission 
of a CRC character, 
sync or 


flag bits are substituted 
for the remainder 


of the CRC bits. 


Send 
Break-'a 
one in this 
bit forces 
the 


transmit 
data low. A one in this bit allows 


normal 
transmitter 
operation. 


Bits to be sent must be right justified 
least significant 


bit first, eg: 


inter 


Five or less mode allows 
transmission 
of one to five bits per 
character. 
The 
microprocessor 
must 
format 
the 
data 
in 
the following 
way: 


07 
06 
05 
04 
03 
02 
01 
DO 


BO 
Sends one data bit 


0 
0 
0 
B1 
BO 
Sends two data bits 


0 
0 
0 
B2 
B1 
BO 
Sends three data bits 


0 
0 
0 
B3 
B2 
B1 
BO 
Sends four data bits 


0 
0 
0 
B4 
B3 
B2 
B1 
BO 
Sends five data bits 


07 
Data Terminal 
Ready-when 
set, this 
bit 
forces 
the 
OTR pin 
active 
(low). 
When 
reset, this bit forces 
the OTR pin inactive 
(high). 


MSB 
LSB 
I~:~:~:~:~:~:~:ool 


M$B 
LSB 
I~:~:~:~:~:~:~:ool 


Least 
significant 


Sync byte (Address 
in SOLe/HOLe 
Mode) 
lMo" 
Signlflesn' 


Sync 
byte 
(must 


be 01111110 
In 
SDLC/HDLC 
Modo) 


WR6 
07-00 
Sync/Address-this 
register 
contains 
the 
transmit 
sync 
character 
in 
Monosync 
mode, the low order 8 sync bits in Bisync 
mode, or the Address 
byte in SOLC mode. 


WR7 
07-00 
Sync/Flag-this 
register 
contains 
the 
re- 
ceive sync character 
in Monosync 
mode, 


the high order 8 sync bits in Bisync mode, 
or the Flag character 
(01111110) in SOLC 
mode. 
WR7 is not used in External 
Sync 


mode. 


inter 


RRO 
DO 
Receive 
Character 
Available-this 
bit 
is 
set when the receive 
FIFO contains 
data 
and is reset when the FIFO is empty. 


01 
Interrupt 
Pending'- 
This Interrupt-Pend- 
ing bit is reset when an EOI command 
is 


issued and there is no other interrupt 
re- 


quest pending 
at that time. 


02 
Transmit 
Buffer 
Empty-This 
bit 
is set 
whenever 
the 
transmit 
buffer 
is empty 
except 
when 
CRC characters 
are being 


sent 
in a synchronous 
mode. This 
bit is 


reset when the transmit 
buffer 
is loaded. 


This bit is set after an MPSC reset. 


03 
Carrier Detect-This 
bit contains the state 
of the CO pin at the time of the last change 
of any of the 
External/Status 
bits 
(CD, 


CTS, 
Sync/Hunt, 
Break/Abort, 
or 
Tx 


Underrun/EOM). 
Any change of state of the 


CD pin causes the CD bit to be latched and 
causes an External/Status 
interrupt. This bit 


indicates 
current 
state of the CD pin im- 


mediately following 
a Reset External/Status 


Interrupt 
command. 


'In vector mode this bit is set at the falling 
edge of 


the second 
INTA in an INTA cycle for an internal 


interrupt 
request. 
In non-vector 
mode, this 
bit is 


set at the falling 
edge of RO input after pointer 
2 


is specified. 
This bit is always zero in Channel 
B. 


Sync/Hunt-In 
asynchronous 
modes, the 


operation 
of this 
bit is similar 
to the CD 


status bit, except that Sync/Hunt shows the 
state of the SYNOET~Any 
High-to- 


Low transition 
on the SYNOET pin sets this 


bit, and causes an External/Status 
inter- 


rupt (if enabled). The Reset External/Status 
Interrupt 
command 
is issued to clear the 


interrupt. 
A Low-to-High 
transition 
clears 


this bit and sets the External/Status 
inter- 


rupt. When the External/Status 
interrupt 
is 


set by the change in state of any other input 
or condition, 
this 
bit shows the inverted 


state 
of the 
SYNOET pin 
at time 
of the 


change. This bit must be read immediately 
following 
a Reset External/Status 
Interrupt 


command 
to read the current 
state of the 


SYNOET input. 


In the E.xternal Sync mode, the Sync/Hunt 
bit 
operates 
in a fashion 
similar 
to the 


Asynchronous 
mode, 
except 
the 
Enter 


Hunt Mode control 
bit enables the external 


sync detection 
logic. 
When the 
External 


Sync Mode and Enter Hunt Mode bits are 
set 
(for 
example, 
when 
the 
receiver 
is 


enabled 
following 
a reset), the 
SYNOET 


input 
must be held High by the external 


logic until external 
character 
synchroniza- 


tion 
is achieved. 
A High at the SYNOET 


input 
holds 
the 
Sync/Hunt 
status 
in the 


reset condition. 


When 
external 
synchronization 
is 
achieved, 
SYNDET must be driven 
Lowon 


the second 
rising 
edge 
of RxC after 
the 


rising edge of RxC on which the last bit of 
the sync character 
was received. 
In other 
words, 
after the sync pattern 
is detected, 


the external 
logic 
must 
wait 
for two 
full 
Receive Clock 
cycles to activate 
the SYN- 
DET input. Once SYNDET is forced 
Low, it 


is good 
practice 
to keep it Low until 
the 
CPU informs 
the external 
sync logic 
that 
synchronization 
has been 
lost 
or a new 
message is about to start. The High-to-Low 
transition 
of the SYNDET output 
sets the 
Sync/Hunt 
bit, 
which 
sets the 
External/ 


Status 
interrupt. 
The CPU must clear the 


interrupt 
by issuing 
the 
Reset 
External/ 


Status 
Interrupt 
Command. 


When the SYNDET input goes High again, 
another 
External/Status 
interrupt 
is gener- 
ated that must also be cleared. 
The Enter 
Hunt 
Mode 
control 
bit 
isset 
whenever 
character 
synchronization 
is lost or the end 
of message 
is detected. 
In this 
case, the 
MPSC again looks for a High-to-Lowtransi- 
tion on the SYNDET input 
and the opera- 
tion 
repeats as. explained 
previously. 
This 
implies the CPU should also inform the ex- 
ternallogic 
that character 
synchronization 
has been lost and that the MPSC is waiting 
for SYNDET to become 
active. 


In the 
Monosync 
and 
Bisync 
Receive 
modes, the Sync/Hunt 
status bit is initially 
set to 1 by the Enter 
Hunt Mode bit. The 
Sync/Hunt 
bit is reset when the MPSC es- 
tablishes 
character 
synchronization. 
The 
High-to-Lowtransition 
of the Sync/Hunt 
bit 
causes 
an External/Status 
interrupt 
that 


must 
be cleared 
by the CPU issuing 
the 
Reset External/Status 
Interupt 
command. 
This enables the MPSC to detect the next 
transition 
of other 
External/Status 
bits. 


When the CPU detects the end of message 
or that character 
synchronization 
is lost, it 
sets the Enter Hunt Mode control 
bit, which 
sets the Sync/Hunt 
bino 
1. The 
Low-to- 


High transition 
ofthe 
Sync/Hunt 
bit sets the 
External/Status 
Interrupt, 
which 
must also 
be cleared 
by the 
Reset 
External/Status 
Interrupt 
Command. 
Note that the SYNDET 
pin acts as an output 
in this 
mode, 
and 
goes low every time a sync pattern 
is de- 
tected 
in the data stream. 


In the 
SDLC 
mode, 
the Sync/Hunt 
bit 
is 


initially 
set by the Enter Hunt mode bit, or 


when the receiver is disabled. 
In any case, it 


is reset to 0 when the opening 
flag'of 
t he 


first 
frame 
is detected 
by the MPSC. The 


External/Status 
interrupt 
is also generated, 


and 
should 
be 
handled 
as discussed 


previously. 


Unlike 
the Monosync 
and Bisync 
modes, 


once the Sync/Hunt 
bit is reset in the SDLC 


mode, it does not need to be set when the 
end of message is detected. 
The MPSC au- 


tomatically 
maintains 
synchronization. 


The only way the Sync/Hunt 
bit can be set 


again is by the Enter Hunt Mode bit, or by 
disabling 
the receiver. 


Clear 
to 
Send-this 
bit 
contains 
the 
in- 


verted state of the CTS pin at the time of the 
last change 
of any of the External/Status 


bits (CD, CTS, Sync/Hunt, 
Break/Abort, 
or 


Tx Underrun/EOM). 
Any change of state of 


the 
CTS 
pin 
causes 
the 
CTS 
bit 
to 
be 


latched 
and 
causes 
an 
External/Status 


interrupt. 
This bit indicates 
the inverse 
of 


the 
current 
state 
of 
the 
CTS 
pin 
im- 


mediately 
following 
a Reset 
External/ 


Status Interrupt 
command. 


Transmitter 
Underrun/End 
of 
Message- 


this bit is in a set condition 
following 
a reset 


(internal 
or external). 
The only command 


that can reset this bit is the Reset Transmit 
Underrun/EOM 
Latch command 
(WRO, 06 


and 07), When the Transmit 
Underrun 
con- 


dition 
occurs, 
this bit is set, which 
causes 


the 
External/Status 
Interrupt 
which 
must 


be reset by issuing a Reset External/Status 
command 
(WRO; command 
2). 


Break/Abort-in 
the 
Asynchronous 
Re- 


ceive 
mode, 
this 
bit is set when 
a Break 


sequence 
(null 
character 
plus 
framing 


error) 
is detected 
in the data stream. 
The 


External/Status 
interrupt, 
if enabled, 
is set 


when break is detected. 
The interrupt 
ser- 


vice 
routine 
must 
issue 
the 
Reset 


External/Status 
Interrupt 
command 
(WRO, 


Command 
2) to the break detection 
logic 


so the Break sequence 
termination 
can be 


recognized. 


inter 


8 bits/char 
7 bits/char 
6 bits/char 
5 bits/char 


RR1 
Previous 
2nd Prevo 
Previous 
2nd Prevo 
Previous 
2nd Prevo 
Previous 
2nd Prev 


03,02,01 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
' Byte 
Byte 


1 
0 
0 
0 
3 


0 
1 
0 
0 
4 
0 
6 


1 
1 
0 
0 
5 


, 
n. 
: 
0 
5 
0 
0 
1 
0 
6 


1 
0 
1 
0 
7 
I 


0 
1 
1 
0 
8 


- 


1 
1 
1 
1 
8 


0 
0 
0 
2 
8 
a 
7 


The Break/Abort 
bit is reset when the ter- 
mination 
of the Break sequence 
is detected 
in the incoming 
data stream. The termina- 
tion of the Break sequence 
also causes the 
External/Status 
interrupt 
to 
be set. The 
Reset External/Status 
Interrupt 
command 
must be issued to enable the break detec- 
tion 
logic 
to look 
for the next 
Break se- 
quence. A single extraneous 
null character 
is present in the receiver after the termina- 
tion 
of 
a break; 
it should 
be read 
and 
discarded. 


In the SOLC Receive mode, this status bit is 
set by the detection 
of an Abort sequence 
(seven 
or more 
1's). The External/Status 
interrupt 
is handled the same way as in the 
case of a Break. The Break/Abort 
bit is not 
used in the Synchronous 
Receive mode. 


DO 
All sent-this 
bit is set when all charac- 


ters 
have been sent, 
in asynchronous 


modes. It is reset when characters 
are in 


the transmitter, 
in asynchronous 
modes. 


In synchronous 
modes, this bit is always 


set. 


03, 02, 01 Residue 
Codes-bit 
synchronous 
pro- 


tocols 
allow I-fields that are not an inte- 


gral number 
of characters. 
Since trans- 


fers from the MPSC to the CPU are char- 
acter 
oriented, 
the 
residue 
codes 


provide 
the 
capability 
of 
receiving 


leftover 
bits. Residue 
bits are right jus- 


tified 
in the last two data bytes received. 


Parity Error-If 
parity is enabled, this bit 


is set for received characters 
whose par- 


ity does 
not 
match 
the 
programmed 


sense 
(Even/Odd). 
This 
bit is latched. 


Once an error occurs, 
it remains set until 


the Error Reset command 
is written. 


I FIELD BITS 
I FIELD BITS 
~ 
PREVIOUS 
BYTE 
2ND PREVIOUS 
BYTE 


o 
0 
0 


Receive 
Overrun 
Error-this 
bit indi- 


cates that 
the receive 
FIFO has been 
overloaded 
by the 
receiver. 
The last 


character 
in the FIFO is overwritten 
and 
flagged 
with this error. 
Once the over- 


written 
character 
is read, this error con- 


dition 
is latched 
until reset by the Error 
Reset command. 
If the MPSC is in the 
status affects vector 
mode, the overrun 
causes 
a special 
Receive 
Condition 
Vector. 


ing error. In synchronous 
modes, a one 


in this bit indicates 
that the calculated 


CRC value does not match the last two 
bytes received. It can be reset by issuing 
an Error Reset command. 


End of Frame-this 
bit is valid 
only in 


SDLC mode. A one indicates that a valid 
ending flag has been received. This bit is 
reset either by an Error Reset command 
or upon reception 
of the first character 


of the next frame. 


CRC/Framing 
Error-In 
async modes, a 
one in this bit indicates 
a receive fram- 


MSB 
LSB 


I V7 : V6: V5 : V< 
V3' >2': V< 
VO'I 


• Yerleble 
In 


Status 
Affect. 


Vector 
Mode 
(WR1; 
02) 


RR2 
D7-DO 
ChannelB 
Interrupt 
vector-contains 
the interrupt 
vector programmed 
into WR2. If the status 
affects vector mode is selected, 
it contains 
the modified 
vector. 
(See WR2) RR2 con- 
tains 
the modified 
vector 
for the highest 
priority 
interrupt 
pending. 
If no interrupts 
are pending, 
the variable 
bits in the vector 
are set to one. 


General 
The MPSC to Microprocessor 
System interface 
can 


be configured 
in many flexible 
ways. The basic inter- 


face types are polled, wait, interrupt 
driven, or direct 


memory 
access driven. 


Polled 
operation 
is accomplished 
by repetitively 


reading 
the status of the MPSC, and making 
deci- 


sions based on that status. The MPSC can be polled 
at any time. 


Wait operation 
allows slightly faster data throughput 


for the MPSC by manipulating 
the Ready input to the 


microprocessor. 
Block Read or Write Operations 
to 


the MPSC are started 
at will by the microprocessor 


and the MPSC deactivates 
its RDY signal 
if it is not 


yet ready to transmit 
the new byte, or if reception 
of 


new byte is not completed. 


Interrupt 
driven 
operation 
is accomplished 
via an 


internal 
or external 
interrupt 
controller. 
When the 


MPSC requires service, it sends an interrupt 
request 


signal to the microprocessor, 
which 
responds 
with 


an interrupt 
acknowledge 
signal. When the internal 


or external 
interrupt 
controller 
receives 
the ac- 


knowledge. 
it vectors 
the microprocessor 
to a ser- 


vice routine, 
in which 
the transaction 
occurs. 


DMA operation 
is accomplished 
via an external 
DMA 


controller. 
When the MPSC needs a data transfer, 
it 


request 
a DMA cycle from the DMA controller. 
The 


DMA controller 
then takes 
control 
of the bus and 


simultaneously 
does a read from 
the MPSC and a 


write to memory 
or vice-versa. 


The following 
section 
describes 
the many config- 


urations 
of these 
basic types 
of system 
interface 


techniques 
for both serial channels. 


In the polled 
mode, the CPU must monitor 
the de- 


sired conditions 
within the MPSC by reading the ap- 


propriate 
bits in the read registers. All data available, 


status, and error conditions 
are represented 
by the 


appropriate 
bits in read registers 
0 and 1 for chan- 


nels A and B. 


There 
are two ways in which 
the software 
task of 


monitoring 
the status 
of the MPSC has been re- 


duced. One is the "DRing" 
of all conditions 
into the 


Interrupt 
Pending bit. (RRO; D1 channel A only). This 


bit is set when the MPSC requires 
service. allowing 


the CPU to monitor 
one bit instead of four status reg- 


isters. 
The other 
is available 
when 
the "status- 


affects-vector" 
mode is selected. 
By reading 
RR2 


Channel 
B, the CPU can read a vector 
who's 
value 


will indicate 
that one or more of group of conditions 


has occurred, 
narrowing 
the field of possible 
condi- 


tions. 
See WR2 and RR2 in the Detailed 
Command 


Description 
section. 


inter 


DATA 
BUS 


Rli 


WR 


WAIT OPERATION: 
Wait Operation 
is intended 
to facilitate 
data trans- 
mission or reception 
using block move operations. 
If 


a block of data is to be transmitted, 
for example, the 


CPU can execute 
a String 
I/O instruction 
to the 


MPSC. After writing 
the first byte, the CPU will at- 


tempt 
to write a second 
byte immediately 
as is the 


case of block 
move. 
The MPSC forces 
the 
RDY 


signal 
low which 
inserts 
wait states 
in the CPU's 


write 
cycle until the transmit 
buffer 
is ready to ac- 


cept a new byte. At that time, the RDY signal is high 
allowing 
the CPU to finish the write cycle. The CPU 


then 
attempts 
the third 
write 
and the process 
is 


repeated. 


Similar 
operation 
can be programmed 
for the re- 


ceiver. During 
initialization, 
wait on transmit 
(WR2; 
D5 = 0) or wait 
on receive 
(WR1; 
D5 = 1) can be 


selected.The 
wait 
operation 
can 
be enabled/ 


disabled 
by setting/resetting 
the Wait Enable 
Bit 


(WR1; D7). 


CAUTION: ANY CONDITION THAT CAN CAUSE THE 
TRANSMITTER 
TO STOP (EG, CTS GOES INAC- 


TIVE) OR THE RECEIVER TO STOP (EG, RX DATA 
STOPS) 
WILL CAUSE THE MPSC TO HANG THE 


CPU UP IN WAIT STATES UNTIL RESET. EXTREME 
CARE SHOULD BE TAKEN WHEN USING THIS FEA- 
TURE. 


INTERRUPT 
DRIVEN 
OPERATION: 


The MPSC can be programmed 
into several 
inter- 


rupt 
modes: 
Non-Vectored, 
8085 vectored, 
and 


8088/86 vectored. 
In both vectored 
modes, multiple 


MPSC's can be daisy-chained. 


In the vectored 
mode, 
the MPSC responds 
to an 


interrupt 
acknowledge 
sequence 
by placing 
a call 


instruction 
(8085 mode) and interrupt 
vector 
(8085 


Ao 


A, 
MPSC 
CS 


RD 


WR 


and 8088/86 
mode) 
on the data 
bus. 
In the non- 


vectored 
mode, the MPSC does not respond to INTA 


sequences 
and must rely on an external 
interrupt 


controller 
such as the 8259A. 


The MPSC can be programmed 
to cause an interrupt 


due to up to 14 conditions 
in each channel. 
The 


status of these interrupt 
conditions 
is contained 
in 


Read Registers a and 1. These 14 conditions 
are all 


directed 
to cause 3 different 
types of internal 
inter- 


rupt request 
for each channel: 
receive/interrupts, 


transmit 
interrupts 
and external/status 
interrupts 
(if 


enabled). 


This 
results 
in up to 6 internal 
interrupt 
request 


signals. 
The priority 
of those 
signals 
can be pro- 


grammed 
to one of two fixed 
modes: 


RxA RxB TxA 
TxB 
ExTA 
ExTB 


RxA TxA 
RxB TxB 
ExTA 
ExTB 


The interrupt 
priority 
resolution 
works differently 
for 


vectored 
and non-vectored 
modes. 


PRIORITY 
RESOLUTION: 
VECTORED 
MODE 


Any interrupt 
condition 
can be accepted 
internally 


to the MPSC at any time, unless the MPSC's internal 
INTA signal 
is active, 
unless a higher 
priority 
inter- 


rupt is currently 
accepted, 
or if fi5f is inactive (high). 


The MPSC's internallNTA 
is set on the leading 
(fail- 


ing) edge of the first External 
INTA pulse and reset 


on the trailing 
(rising) 
edge of the second 
External 


INTA pulse. After an interrupt 
is accepted 
internally, 


an External 
INT request 
is generated 
and the IPO 


goes 
inactive. 
IPO and iP1 are 
used 
for 
daisy- 


chaining 
MPSC's together. 


inter 


RECEIVE 
CHARACTER 


PARITY 
ERROR 
RECEIVE 
OVERRUN 
ERROR 
FRAMING 
ERROR 
END 
OF FRAME 
(SDLC 
ONLY) 


FIRST 
DATA CHARACTER 


FIRST 
NDN·SYNC 
CHARACTER 
(SYNC 
MODES) 
VALID 
ADDRESS 
BYTE 
(SOLe 
ONLY) 
co TRANSITION 
-t~ 
ers TRANSITION 
--. 


SYNC 
TRANSITION 
~~ 


Tx UNDERRUN/EOM 
-t~ 


BREAK/ABORT 
DETECT 
--. 
_ 


TRANSMIT 
BUFFe 
EMPTY 


INTERNAL 
INTERRUPT 
ACCEPTED 


HIGHER 
~1:r~I~:~~~S---' 


ACCEPTED 


The MPSC's internallNTA 
is set on the leading (fail- 


ing) edge of the first external 
INTA pulse, and reset 
on the trailing 
(rising) 
edge of the second 
external 


INTA pulse. After an interrupt 
is accepted 
internally, 


an external 
INT request 
is generated 
and IPO goes 
inactive 
(high). 
IPO and iPi are used for 
daisy- 
chaining 
MPSC's together. 


inter 


INTERNAL 
INTERRUPT 
~ 
ACCEPTED 


INTERRUPT 
\. 
/ 


(EXTERNAL) 
_ 
\'- 
-..J 


Each of the six interrupt 
sources 
has an associated 


In-Service 
latch. After priority 
has been resolved, the 


'. 


highest 
priority 
In-Servic~ 
latch is set. After the In- 


Service latch is set, the iliii pin goes inactive 
(high). 


IHTERHAL 
IHT.RRUPT 
~ 


ACCEPTED 


(~Hri~'l.':.~~ 
\ 
/ 


INTA 
/ 
(INTERNAL) - 


IN·SERVICE 
/ 


(INTERNAL) --~ 


Lower priority 
interrupts 
are not accepted 
internally 


while 
the In-Service 
latch 
is set. However, 
higher 


priority 
interrupts 
are accepted 
internally 
and a new 


external 
INT request 
is generated. 
If the CPU re- 
sponds with a new INTA sequence, 
the MPSC will re- 


spond 
as before, 
suspending 
the 
lower 
priority 


interrupt. 


LOWER 
PRIORITY 
INTERRUPTS 
ACCEPTED 


After the interrupt 
is serviced, 
the End-of-Interrupt 
(EOI) command 
should 
be written 
to the MPSC. This 
command 
will cause an internal 
pulse that is used to 
reset the In-Service 
Latch which 
allows 
service 
for 


lower 
priority 
interrupts 
in the daisy-chain 
to re- 


sume, provided 
a new INTA sequence 
does not start 
for a higher 
priority 
interrupt 
(higher 
than the high- 


est under service). Ifthere 
is no interrupt 
pending 
in- 


ternally, 
the IPO follows 
IPI. 


PRIORITY 
RESOLUTION: 
NON-VECTORED 
MODE 


In non-vectored 
mode, the MPSC does not respond 
to 
interrupt 
acknowledge 
sequences. 
The 
MPSC 
should be programmed 
to the Status-Affects-Vector 
mode, and the CPU should 
read RR2 (Ch. B) in its 
service 
routine 
to 
determine 
which 
interrupt 
re- 
quires service. 


In this case, the internal 
pointer 
being set to RR2 


provides 
the same function 
as the 
internal 
INTA 


signal in the vectored 
mode. It inhibits 
acceptance 


of any additional 
internal 
interrupts 
and its leading 


edge starts the interrupt 
priority 
resolution 
circuit. 


The interrupt 
priority resolution 
is ended by the lead- 


ing edge 
of the read sighai 
used by the CPU to 


retrieve 
the modified 
vector. The leading 
edge of 


read sets the In-Service latch and forces the external 
INT output 
inactive 
(high). 
The internal 
pointer 
is 


reset to zero afterthe 
trailing 
edge of the read pulse. 


inter 


Note that if RR2 is specified 
but not read, no internal 


interrupts, 
regardless 
of priority, 
are accepted. 


DAISY CHAINING 
MPSC: 


In the vectored 
interrupt 
mode, multiple 
MPSC's can 


be daisy-chained 
on the 
same 
INT, INTA signals. 


These signals, 
in conjunction 
with the iPI and IPo 


allow 
a daisy - chain -like 
interrupt 
resolution 


scheme. 
This scheme 
can be configured 
for either 


8085 or 8086/88 based system. 


In either mode, the same hardware 
configuration 
is 


called for. The INT request 
lines are wire-oR'ed 
to- 


gether at the input of a TTL inverter which drives the 
INT pin of the CPU. The INTA signal from the CPU 
drives all of the daisy-chained 
MPSC's. 


The MPSC drives IPo (Interrupt 
Priority 
Output) 
in- 


active (high) if iPi (Interrupt 
Priority Input) is inactive 


(high), 
or if the MPSC has an interrupt 
pending. 


The IPo of the highest priority 
MPSC is connected 
to 


the iPI of the next highest 
priority 
MPSC, and so on. 


If IPI is active (low), the MPSC knows that all higher 
priority 
MPSC's have no interrupts 
pending. 
The iPi 


pin of the highest 
priority 
MPSC is strapped 
active 


(low) to ensure that 
it always has priority 
over the 


rest. 


MPSC's Daisy-chained 
on an 8088/86 CPU should be 


programmed 
to the 8088/86 Interrupt 
mode (WR2; 


D4, D3 (Ch. A). MPSC's 
Daisy-chained 
on an 8085 


CPU should be programmed 
to 8085 interrupt 
mode 


1 if it is the highest priority 
MPSC. In this mode, the 


highest 
priority 
MPSC issues the CALL instruction 


during 
the 
first 
INTA cycle, 
and 
the 
interrupting 


MPSC provides 
the interrupt 
vector 
during 
the fol- 


lowing 
INTA cycles. 
Lower 
priority 
MPSC's should 


be programmed 
to 8085 interrupt 
mode 2. 


MPSC's used alone in 8085 systems should 
be pro- 


grammed 
to 8085 mode 1 interrupt 
operation. 


OACKo 
llAa<, 
0A'CK2 
riACK3 


DRQ,-l 
\_---- 


Ao,A"CS===X 
>C 


RD, WR ------_\ 
/ 


OMA 
OPERATION 


Each MPSC can be programmed 
to utilize up to four 


DMA channels: 
Transmit 
Channel 
A, Receive Chan- 
nel A. Transmit 
Channel 
B. Receive Channel 
B. Each 
DMA Channel 
has an associated 
DMA Request line. 
Acknowledgement 
of a DMA cycle is done via nor- 
mal data read or write cycles. This is accomplished 
by encoding 
the DACK signals 
to generate 
Ao. A1• 


and 
CS signals. 
and 
multiplexing 
them 
with 
the 


normal 
Ao. A1• and CS signals. 


PERMUTATIONS 
Channels 
A and B can be used with different 
system 
interface 
modes. 
In all cases it is impossible 
to poll 


the MPSC. The following 
table shows the possible 


permutations 
of interupt. 
wait, and DAM modes for 


channels 
A and B. Bits D1• Do of WR2 Ch. A deter- 


mine these permutations. 


Permutation 
WR2 Ch. A 
01 Do 
Channel 
A 
ChannelB 


Wait 
Wait 


o 0 
Interrupt 
Interrupt 


Polled 
Polled 


o 1 
DMA 
Interrupt 


Polled 
Polled 


1 0 
DMA 
DMA 


Polled 
Polled 


JmiIl 
""'Wll 


HLDA 


HRQ 


AEN 
1lllR 


'/OW 


READY 


eLK 


RESET 


I 
I 
I 
______ 
J 


inter 


Ambient 
Temperature 
Under 
Bias 
O°Cto + 70°C 


Storage 
Temperature 


(Ceramic 
Package) 
-65°C 
to + 150°C 


(Plastic 
Package) 
-40°C 
to +125°C 


Voltage On Any Pin With 
Respect to Ground 
-O.5V 
to +7.0V 
Power Dissipation 
1.5W 


'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute maximum 


rating conditions for extended periods may affect device 
reliability. 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


V1L 
Input 
Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input 
High Voltage 
+2.0 
VCC +0.5 
V 


VOL 
Output 
Low Voltage 
+0.45 
V 
IOL = 2.0mA 


VOH 
Output 
High Voltage 
+2.4 
V 
'OH = -200/LA 


'lL 
Input 
Leakage 
Current 
+10 
/LA 
VIN = Vce 
to OV 


IOL 
Output 
Leakage 
Current 
+10 
/LA 
VOUT = VeetoOV 


Ice 
Vee 
Supply 
Current 
180 
mA 


Symbol 
Parameter 
Min. 
Max; 
Units 
Test Conditions 


G,N 
Input 
Capacitance 
10 
pF 
Ic = 1 MHz; 


GOUT 
Output 
Capacitance 
15 
pF 
Unmeasured 


CliO 
Input/Output 
Capacitance 
20 
pF 
pins returned 


toGND 


inter 


Symbol 
Parameter 
Min. 
Max. 
. Units 
Test Conditions 


tCY 
ClK Period 
250 
4000 
ns 


tCl 
ClK low Time 
105 
2000 
ns 


tCH 
ClK High Time 
105 
2000 
ns 


tr 
ClK Rise Time 
0 
30 
ns 


tf 
ClK Fail Time 
0 
30 
ns 


tAR 
AO,Al Setup to RD! 
0 
ns 


tAD 
AO,A1 to Data Output Dlay 
200 
ns 
CL=150 pf 


tRA 
AO.A1 Hold After RDj 
0 
ns 


tRD 
RD! to Data Output Delay 
200 
ns 
CL=150pf 


tRR 
RD Pulse Width 
250 
ns 


tDF 
Output Float Delay 
120 
ns 


tAW 
CS, AO,A1 Setup to WR! 
0 
ns 
, . 


tWA 
CS, AO,A1 Hold after WRj 
0 
ns 


tww 
WR Pulse Width 
250 
ns 


tow 
Data Setup to WRj 
150 
ns 


two 
Data Hold After WRj 
0 
ns 


tpi 
iPf Setup to INTA.! 
0 
ns 


tiP 
IPI Hold after INTAt 
0 
ns 


tll 
INTA Pulse Width 
. 
250 
ns 


tlAPO 
INTA! to IPO Delay 
200 
ns 


tplPO 
IPI.!to IPO Delay 
100 
ns 


tlD 
INTA! to Data Output Deay 
200 
ns 


tca 
AD or WR to DRO.! 
150 
ns 
~. - 


tRV 
Recovery Time Between Controls 
300 
ns 


tcw 
CS, AO,A1 to RDYA or RDYB Delay 
120 
ns 


toCY 
Data Clock Cycle 
400 
- 
ns 


tDCl 
Data Clock low Time 
180 
ns 


tDCH 
Data Clock High Time 
180 
ns 


- 


tTD 
TxC to TxD Delay 
300 
ns 


tDs 
RxD Setup to RxCj 
0 
ns 


tDH 
RxD Hold after RxCj 
140 
ns 


tlTD 
TxC to INT Delay 
4 
6 
tcy 


tlRD 
RxC to INT Delay 
7 
10 
tcy 


tp1 
CTS, CD, SYNDET low Time 
200 
ns 


tp,", 
CTS, CD, SYNDET High Time 
200 
ns 


tlPD 
ExternallNTfrom 
CTS, CD, SYNDET 
500 
ns 


inter 


2.0=X 
x:= 


2.0 
2.0 


0.8> TEST 
POINTS < 0.8 


0.05 
----------- 


DEVICE 
UNDER 
TEST 


A.C. TESTING: 
INPUTS 
ARE DRIVEN 
AT 2.4V FOR A lOGIC 
"1" ANOO.4SV 
FOR 


A LOGIC 
"0'" 
TIMING 
MEASUREMENTS 
ARE MAOE AT 2.0V FDA A LOGIC 
.",. 


AND 
O.SV FOR A lOGIC 
"0." 


inter 


WRITE CYCLE V 
_/'b..~=-,ww-~ ,~d< 


/ 


NOTES: 
1. INTA signal 
acts as AD signal. 
2. IPI signal 
acts as CS signal. 


inter 


I" 
;0 
I,. 


~ 


'IPO 
Q 
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8291A 
GPIB TALKER/LISTENER 


• 
Designed to Interface 
Microprocessors 
(e.g., 8048/49, 8051, 
8080/85,8086/88) to an IEEE Standard 
488 Digital Interface 
Bus 


• Programmable 
Data Transfer Rate 


• Complete Source and Acceptor 
Handshake 


• Complete Talker and Listener 
Functions with Extended Addressing 


• Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 


• Selectable 
Interrupts 


• On-Chip Primary and Secondary 
Address Recognition 


• Automatic 
Handling of Addressing 
and 
Handshake Protocol 


• Provision for Software Implementation 
of Additional 
Features 


• 1-8 MHz Clock Range 
• 16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Control, Status, etc. 


• Directly Interfaces to External 
Non-Inverting 
Transceivers 
for 
Connection to the GPIB 


• Provides Three Addressing 
Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 


• DMA Handshake Provision Allows for 
Bus Transfers without CPU 
Intervention 


• Trigger Output Pin 


• On-Chip EOS (End of Sequence) 
Message Recognition 
Facilitates 
Handling of Multi-Byte Transfers 


The 8291A is an enhanced 
version of the 8291 GPIB Talker/Listener 
designed 
to interface 
microprocessors 
to 
an IEEE Standard 
488 Instrumentation 
Interface 
Bus. It implements 
all of the Standard's 
interface 
functions 
except for the controller. 
The controller 
function 
can be added with the 8292 GPIB Controller, 
and the 8293 
GPIB Transceiver 
performs 
the electrical 
interface 
for Talker/Listener 
and Talker/Listener/Controller 


configurations. 


I 8291 A 
8291A I 
T/Al 
Vcc 


T/A2 
Wi 
I 
GPIB DATA 
CLOCK 
3 
Ni5AC 
I 
I 
AESET 
4 
37 
NRFD 


I 
INTERFACE 
I 


TRIG 
DAV 


FUNCTIONS 
DREG 
0108 


GPIB CONTROL 
TO NON·INVERTING 
DACK 
Di07 
I 
BUS TRANSCEIVERS 
CS 
0i06 


I 
R6 
0105 


WI! 
5T54 
I 
INT 
5i03 
T/A 
CONTROL 
DO 
5ffii 


0101 
Sill 


ATN 


REN 
iFC 


RS2 


RS, 


Figure 
1. Block Diagram 
Figure 
2. Pin Configuration 


1·251 


inter 


The 8291A is an improved 
design of the 8291 GPIB 


Talker/Listener. 
Most of the functions 
are identical 
to 


the 8291, and the pin configuration 
is unchanged. 


The 8291A offers the following 
improvements 
to the 


8291 : 


1. EOI is active 
with 
the data as a ninth 
data bit 
rather 
than as a control 
bit. This is to comply 
with some additions 
to the 19751EEE-488 Stan- 


dard incorporated 
in the 1978 Standard. 


2. The BO interrupt 
is not asserted 
until 
RFD is 
true. 
If 
the 
Controller 
asserts 
ATN 
synchronously, 
the data 
is guaranteed 
to~ 


transmitted. 
If the 
Controller 
asserts 
ATN 
asynchronously, 
the 
SH (Source 
Handshake) 
will return to SIDS (Source 
Idle State), and the 


output 
data 
will 
be cleared. 
The, 
if ATN is 
released while the 8291 A is addressed 
to talk, a 


new BO interrupt 
will be generated. This change 


fixes 8291 problems 
which 
caused 
data to be 


lost or repeated and a problem 
with the RQS bit 


(sometimes 
cannot 
be asserted 
while talking). 


3. llOC 
and REMC interrupts 
are setting flipflops 
rather 
than toggling 
flipflops 
in the interrupt 
backup 
register. 
This 
ensures 
that 
the CPU 
knows that these state changes 
have occurred. 
The actual state can be determined 
by checking 
the llO 
and REM status bits in the upper nibble 
of the Interrupt 
Status 2 Register. 


4. DREQ is cleared by DACK (RD + WR). DREQ on 


the 8291 was cleared only by DACK which is not 
compatible 
with the 8089 I/O Processor. 


5. The INT bit in Interrupt 
Status 2 Register 
is du- 


plicated 
in bit 7 of the Address 
0 Register. 
If 


software 
polling 
is used to check for an inter- 


rupt, 
INT in the Address 
0 Register 
should 
be 


polled 
rather than the Interrupt 
Status 2 Regis- 


ter. This ensures that no interrupts 
are lost due 


to asynchronous 
status 
reads and interrupts. 


6. The 8291A's 
Send 
EOI Auxiliary 
Command 


works 
on any byte including 
the first 
byte of a 


message. The 8291 did not assert EOI after this 
command 
for a one byte message 
nor on two 


consecutive 
bytes. 


7. To avoid confusion 
between holdoff 
on DAV ver- 


sus RFD if a device is readdressed 
from a talker 


to a listener 
role or vice-versa 
during 
a holdoff, 


the "Holdoff 
on Source 
Handshake" 
has been 


eliminated. 
Only 
"Holdoff 
on Acceptor 
Hand- 


shake" 
is available. 


8. The rsv local message is cleared 
automatically 


upon exit from SPAS if (APRS.STRS.SPAS) 
oc- 


curred. The automatic 
resetting 
of the bit after 


the serial poll is complete 
simplifies 
the service 


request software. 


9. The 
SPASC 
interrupt 
on the 
8291 
has been 


replaced 
by the SPC (Serial 
Poll Complete) 
in- 


terrupt 
on the 8291A. SPC interrupt 
is set on exit 


from SPAS if APRS.STRS.SPAS 
occurred, 
indi- 


cating that the controller 
has read the bus status 


byte 
after 
the 
8291A 
requested 
service. 
The 


SPASC 
interrupt 
was 
ambiguous 
because 
a 


controller 
could enter SPAS and exit SPAS gen- 


erating 
two SPASC interrupts 
without 
reading 
the serial poll status byte. The SPC interrupt 
also 


simplifies 
the CPU's software 
by eliminating 
the 


interrupt 
when the serial poll is half way done. 


10. The rtl Auxiliary 
Command 
in the 8291 has been 


replaced 
by Set and Clear rtl Commands 
in the 


8291A. Using the new commands, 
the CPU has 


the flexibility 
to extend the length of local mode 


or leave it as a short 
pulse as in the 8291. 


11. A holdoff 
RFD on GET, SDC, and DCl 
featu re 


has been added 
to prevent 
additional 
bus ac- 


tivity 
while 
the CPU is responding 
to any of 


these commands. 
The feature 
is enabled 
by a 


new bit (B4) in the Auxiliary 
Register 
B. 


12. On the 8291, BO could cease to occur upon IFC 


going false if IFC occurred 
asynchronously. 
On 


the 8291A, 80 continues 
to occur after IFC has 


gone false even if it arrived 
asynchronously. 


13. User's 
software 
can distinguish 
between 
the 


8291 and the 8291A as follows: 


a) pon (OOHto register 
5) 


b) RESET (02H to register 
5) 


c) 
Read Interrupt 
Status 1 Register. If 80 inter- 


rupt is set, the device is the 8291. If 80 is clear, 
it is the 8291A. 


This 
can be used 
to set a flag 
in the 
user's 


software which will permit special routines to be 
executed 
for each device. 
It could 
be included 


as part of a normal 
initialization 
procedure 
as 


the fi rst step after a ch ipreset. 


Symbol 
Pin 
Type 
Name and Function 
No. 


Do-D, 
12-19 
I/O 
Data Bus Port: To be con- 
nected 
to 
microprocessor 
data bus. 


RSo-RS, 
21-23 
I 
Register Select: Inputs, to 
be connected 
to three non- 


multiplexed 
microproces- 
sor 
address 
bus 
lines. 


Select which 
of the 8 inter- 
nal 
read 
(write) 
registers 
will 
be read from 
(written 


into) 
with 
the execution 
of 
RD(WR.) 


CS 
8 
I 
Chip Select: 
When 
low, 


enables 
reading 
from 
or 
writing 
into the register 
se- 
lected 
by RSo-RS,. 


RD 
9 
I 
Read Strobe: When 
low 
with CS or DACK 
low, se- 
lected 
register 
contents 


are read. 


WR 
10 
I 
Write Strobe: When 
low 
with 
CS or DACK low, data 
is written 
into the selected 
register. 


INT (INT) 
11 
a 
Interrupt Request: To the 
microprocessor, 
set 
high 
for 
request 
and 
cleared 
when 
the appropriate 
reg- 
ister 
is accessed 
by the 
CPU. May be software 
con- 


figured 
to be active 
low. 


DREQ 
6 
a 
DMA Request: 
Normally 
low, 
set 
high 
to 
indicate 


byte output 
or byte input in 


DMA mode; reset by DACK. 


DACK 
7 
I 
DMA Acknowledge: When 
low, 
resets 
DREQ 
and 


selects 
data 
in/data 
out 


register 
for 
DMA 
data 


·transfer 
~ctual 
transfer 
done 
by RD/WR pulse). 


Must be high if DMA is not 
used. 


TRIG 
5 
a 
Trigger Output: Normally 
low; generates 
a triggering 
pulse 
with 
1 j.Lsec 
min. 


width 
in 
response 
to 
the 
GET bus command 
or Trig- 


ger auxiliary 
command. 


CLOCK 
3 
I 
External 
Clock: 
Input, 


used 
only 
for 
T, 
delay 
generator. 
May 
be 
any 
speed 
in 1-8 
MHz range. 


Symbol 
Pin 
Type 
Name and Function 
No. 


RESET 
4 
I 
Reset Input: When 
high, 


forces 
the 
device 
into 
an 
"idle" 
(initialization) 
mode. 


The 
device 
will 
remain 
at 
"idle" 
until 
released 
by the 


microprocessor, 
with 
the 


"Immediate 
Execute 
pon" 


local 
message. 


DIO,-DIO. 
28-35 
I/O 
8-Bit GPIB Data Port: Used 
for bidirectional 
data 
byte 


transfer 
between 
8291 A 
and GPIB via non-inverting 
external 
line transceivers. 


DAV 
36 
I/O 
Data Valid: 
GPIB 
hand- 
shake 
control 
line. 
Indi- 
cates 
the 
availability 
and 
valid!!.L 
of 
information 
~ 


the 
DIO,-DIO. 
and 
EOI 


lines. 


NRFD 
37 
I/O 
Not Ready for Data: GPIB 
handshake 
control 
line. In- 


dicates 
the 
condition 
of 


readiness 
of device(s) 
con- 


nected to the bus to accept 
data. 


NDAC 
38 
I/O 
Not Data Accepted: GPIB 
handshake 
control 
line. In- 


dicates the condition 
of ac- 


ceptance 
of 
data 
by the 


device(s) 
connected 
to the 


bus. 


ATN 
26 
I 
Attention: GPIB command 
line. Specifies 
how data on 


DIO lines 
are to 
be inter- 


preted. 


IFC 
24 
I 
Interface 
Clear: 
GPIB 


command 
line. 
Places 
the 
interface 
functions 
in 
a 
known 
quiescent 
state. 


SRQ 
27 
a 
Service 
Request: 
GPIB 


command 
line. 
Indicates 


,. 
the need for attention 
and 


requests 
an interruption 
of 


the 
current 
sequence 
of 


events 
on the GPIB. 


REN 
25 
I 
Remote 
Enable: 
GPIB 


command 
line. Selects 
(in 


conjunction 
with 
other 


messages) 
remote 
or local 


control 
of the device. 


EOI 
39 
I/O 
Endor Identify: GPIB com- 
mand 
line. 
Indicates 
the 


end 
of 
a 
multiple 
byte 


transfer 
sequen~r, 
in 
conjunction 
with 
ATN, ad- 


dresses the device during 
a 


polling 
sequence. 


Symbol 
Pin 
Type 
Name 
and Function 
No. 


T/R1 
1 
0 
External 
Transceivers 
Control 
Line: Set high to 
indicate 
output 
datal 


signals on the 010,-010. 
and DAV lines and input 
signals on the NRFD and 
NDAC lines (active source 
handshake). Set low to in- 
dicate J.r!e.ut~ta/signals 
on the 010,-010. and DAV 
lines and output signals on 
the NRFD and NDAC lines 
(active 
acceptor 
hand- 
shake). 


Symbol 
Pin 
Type 
Name 
and Function 
No. 


T/R2 
2 
0 
External 
Transceivers 


Control 
Line: Set to indi- 
cate output signals on the 
EOi line. Set low to indicate 


'. 
expected 
input signal 
on 


the EOI line during parallel 
poll. 


Vcc 
40 
P.S. 
Positive 
Power 
Supply: 
(5V:!:10%). 


GND 
20 
P.S. 
Circuit Ground Potential. 


NOTE: 
All signals on the 8291 A pins are specified with positive logic. 
However,IEEE488specifiesnegativelogic on its 16 signallines. 
Thus, the data is inverted once from 00-0, 
to 0100-010, and 


non-invertingbus transceiversshould be used. 


r-- 
I 
OMA 


I 


CONTROLLER 
I 


(OPTIONAL) 
L 
..1 


THE GENERAL 
PURPOSE 
INTERFACE 
BUS (GPIB) 


The 
General 
Purpose 
Interface 
Bus 
(GPIB) 
is 
defined 
in the IEEE Standard 
488-1978 
"Digital 
In- 


terface 
for 
Programmable 
Instrumentation." 


Although 
a knowledge 
of this standard 
is assumed, 


Figure 
4 provides 
the bus structure 
for quick 
refer- 
ence. Also, 
Tables 2 and 3 reference 
the interface 
state 
mnemonics 
and 
the 
interface 
messages 
respectively. 
Modified 
state diagrams 
for the 8291A 
are presented 
in Appendix 
A. 


The 
8291A 
is a microprocessor-controlled 
device 
designed 
to 
interface 
microprocessors, 
e.g., 


8048/49, 
8051, 8080/85, 8086/88 to the GPIB. It im- 
plements 
all of the interface 
functions 
defined 
in the 


IEEE-488 
Standard 
except 
for the controller 
func- 


tion. If an implementation 
of the Standard's 
Control- 


ler is desired, 
it can be connected 
with an Intel® 8292 


to form a complete 
interface. 


The 8291A handles 
communication 
between 
a mi- 


croprocessor-controlled 
device 
and 
the 
GPIB. 
Its 


capabilities 
include 
data 
tra.nsfer, 
handshake 


protocol, 
talker/listener 
addressing 
procedures, 


device clearing 
and triggering, 
service 
request, 
and 


both serial and parallel 
polling. 
In most procedures, 


it does not disturb 
the microprocessor 
unless a byte 


has arrived 
(input 
buffer 
full) or has to be sent out 


(output 
buffer 
empty). 


The 8291A architecture 
includes 
16 registers. 
Eight 


of these registers 
may be written 
into by the micro- 


processor. 
The other eight 
registers 
may be read by 


the microprocessor. 
One each 
of these 
read and 


inter 


write registers is for direct data transfers. The rest of 
the write registers control 
the various features of the 


chip, while the rest of the read registers provide the 
microprocessor 
with a monitor of GPIB states, vari- 


ous bus conditions, 
and device conditions. 


Each device 
connected 
to the GPIB must have at 


least one address whereby 
the controller 
device in 


charge of the bus can configure 
it to talk, listen, or 


send status. An 8291A implementation 
of the GPIB 


offers the user three alternative 
addressing 
modes 


for which the device can be initialized 
for each appli- 
cation. The first of these modes allows for the device 
to have two separate primary addresses. The second 
mode 
allows 
the 
user 
to 
implement 
a single 


talker/listener 
with a two byte address (primary 
ad- 


dress + secondary 
address). The third 
mode again 


allows for two distinct 
addresses but in this instance, 
they can each have a ten-bit 
address 
(5 low-order 


bits of each of two bytes). However, this mode re- 
quires 
that the secondary 
addresses 
be passed to 


the 
microprocessor 
for 
verification. 
These 
three 


addressing 
schemes are described 
in more detail in 


the discussion 
of the Address 
Registers. 
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Figure 4. Interface 
Capabilities 
and Bus Structure 


Table 2. IEEE 488 Interface 
State Mnemonics 


Mnemonic 
State Represented 


ACDS 
Accept Data State 
ACRS 
Acceptor Ready State 
AIDS 
Acceptor Idle State 
ANRS 
Acceptor Not Ready State 
APRS 
Affirmative 
Poll Response State 
AWNS 
Acceptor Wait for New Cycle State 
•• 
------------------------, 
: CACS 
Controller 
Active State 
I 
I CADS 
Controller 
Addressed State 
I 
I CAWS 
Controller 
Active Wait State 
I 


I CIDS 
Controller 
Idle State 
I 
I CPPS 
Controller 
Parallel Poll State 
I 


I CPWS 
Controller 
Parallel Poll Wait State 
I 
I CSBS 
Controller 
Standby State 
: 
: CSNS 
Controller 
Service Not Requested State I 


I CSRS 
Controller 
Service Requested State 
I 
I CSWS 
Controller 
Synchronous Wait State 
I 
~ ~T~~ 
_ 
~~t.':.-ol~er_,T':_a~s!=r~t~t':.__ '-- _ ~ __ J 
DCAS 
Device Clear Active State 
DCIS 
Device Clear Idle State 
DTAS 
Device Trigger Active State 
DTIS 
Device Trigger Idle State 


LACS 
Listener Active State 
LADS 
Listener Addressed State 


LIDS 
Listener Idle State 
LOCS 
Local State 
LPAS 
Listener Primary Addressed State 


LPIS 
Listene',Primary 
Idle State 


LWLS 
Local With Lockout State 


NPRS 
Negative Poll Response State 


>The Controller 
function 
is implemented 
on the Intel® 8292. 


1-255 


Mnemonic 
State Represented 


PACS 
Parallel Poll Addressed to Configure State 


PPAS 
Parallel Poll Active State 
PPIS 
Parallel Poll Idle State 
PPSS 
Parallel Poll Standby State 
PUCS 
Parallel Poll Unaddressed to Configure State 


REMS 
Remote State 
RWLS 
Remote With Lockout State 


SACS 
System Control Active State 
SDYS 
Source Delay State 


SGNS 
Source Generate State 


SIAS 
System Control Interface Clear Active State 


SIDS 
Source Idle State 
SIIS 
System Control 
Interface Clear Idle State 
SINS 
System Control Interface Clear Not Active State 


SIWS 
Source Idle Wait State 
SNAS 
System Control Not Active State 


SPAS 
Serial Poll Active State 


SPIS 
Serial Poll Idle State 
SPMS 
Serial Poll Mode State 
SRAS 
System Control Remote Enable Active State 


SRIS 
System Control Remote Enable Idle State 


SRNS 
System Control Remote Enable Not Active State 
SROS 
Service Request State 
STRS 
Source Transfer State 


SWNS 
Source Wait for New Cycle State 


TACS 
Talker Active State 
TADS 
Talker Addressed State 
TIDS 
Talker Idle State 
TPIS 
Talker Primary Idle State 


inter 


Mnemonic 
Message 
Interface Functlon(s) 


LOCAL 
MESSAGES 
RECEIVED 
(By 
Interface 
Functions) 


'gts 
ist 
Ion 
Ipe 
nba 


pon 
rdy 


'rpp 
'rsc 
rsv 


go to standby 
individual 
status 
listen 
only 
local 
poll 
enable 
new byte 
available 


power 
on 
ready 
request 
parallel 
poll 
request 
system 
control 
request 
service 


return 
to local 
send 
interface 
clear 
send 
remote 
enable 
take 
control 
asynchronously 
take 
control 
synchronously 
talk 
only 


REMOTE 
MESSAGES 
RECEIVED 


ATN 
Attention 
DAB 
Data 
Byte 
DAC 
Data Accepted 
DAV 
Data Valid 
DCL 
Device 
Clear 


END 
End 
GET 
Group 
Execute 
Trigger 
GTL 
Go to Local 


IDY 
Identify 
IFC 
Interface 
Clear 


LLO 
Local 
Lockout 
MLA 
My Listen 
Address 
MSA 
My Secondary 
Address 
MTA 
My Talk 
Address 
OSA 
Other 
Secondary 
Address 


OTA 
Other 
Talk 
Address 
PCG 
Primary 
Command 
Group 


2PPC 
Parallel 
Poll 
Configure 


2[PPD] 
Parallel 
Poll 
Disable 


2[PPE] 
Parallel 
Poll 
Enable 


'PPRN 
2PPU 


REN 
RFD 
RQS 


[SDC] 
SPD 
SPE 
'SQR 
STB 


'TCTor 
[TCT] 
UNL 


Parallel 
Poll 
Response 
N 
Parallel 
Poll 
Unconfigure 
Remote 
Enable 
Ready 
for Data 
Request 
Service 


Select 
Device 
Clear 
Serial 
Poll 
Disable 
Serial 
Poll 
Enable 
Service 
Request 
Status 
Byte 


Take 
Control 
Unlisten 


C 
PP 
L, LE 
PP 
SH 


SH,AH, T.TE, L, LE.SR.RL.PP.C 
AH 
C 
C 
SR 


RL 
C 
C 
C 
AH.C 
T, TE 


SH.AH.T,TE.L.LE.PP.C 
(Via L. LE) 
SH 
AH 
DC 


(via L, LEI 
DT 
RL 
L.LE.PP 
T,TE,L.LE.C 


RL 
L,LE.RL,T.TE 
TE,LE.RL 
T.TE.L.LE 
TE 


T. TE 
TE.LE.PP 
PP 
PP 
PP 


(via C) 
PP 
RL 
SH 
(via L. LE) 
DC 
T.TE 
T, TE 
(via C) 
(via L, LE) 


C 
L, LE 


NOTE: 
1. These messages are handled only by Intel's 8292. 
2. Undefined commands which may be passed to the microprocessor. 


inter 


Table 3. (Cont'd) 
IEEE 488 Interface 
Message Reference List 


Mnemonic 
Message 
'Interface 
Functlon(.) 


REMOTE MESSAGES SENT 


ATN 
Attention 
C 
DAB 
Data Byte 
(via T, TE) 


DAC 
Data Accepted 
AH 
DAV 
Data Valid 
SH 
DCl 
Device Clear 
(via C) 


END 
End 
(via T) 


GET 
Group Execute Trigger 
(via C) 


GTl 
Go to local 
(via C) 


IDY 
Identify 
C 
IFC 
Interface Clear 
C 


llO 
local 
lockout 
(via C) 


MlA or [MlA] 
~y Listen Address 
(via C) 


MSA or [MSA] 
My Secondary Address 
(via C) 


MTA or [MTA] 
My Talk Address 
(via C) 


OSA 
Other Secondary Address 
(via C) 


OTA 
Other Talk Address 
(via C) 


PCG 
Primary Command Group 
(via C) 


PPC 
Parallel Poll Configure 
(via C) 


[PPDJ 
Parallel Poll Disable 
(via C) 


[PPE] 
Parallel Poll Enable 
(via C) 


PPRN 
Parallel Poll Response N 
PP 
PPU 
Parallel Poll Unconfigure 
(via C) 


REN 
Remote Enable 
C 
RFD 
Ready for Data 
AH 
RQS 
Request Service 
T, TE 


ISDC] 
Selected Device Clear 
(via C) 


SPD 
Serial Poll Disable 
(via C) 


SPE 
Serial Poll Enable 
(via C) 


SRQ 
Service Request 
SR 
STB 
Status Byte 
(via T, TE) 


TCT 
Take Control 
(via C) 


UNl 
Unlisten 
(via C) 


NOTE: 
3. All Controllermessagesmustbe sentvia Intel's8292. 


A bit-by-bit 
map of the 16 registers 
on the 8291A is 


presented 
in Figure 5. A more detailed 
explanation 


of each of these registers 
and their 
functions 
fol- 
lows. 
The 
access 
of 
these 
registers 
by 
the 


microprocessor 
is accomplished 
by using the es, 
RD, WR, and RSo-RS2 pins. 


Register 
CS 
RD 
WR 
RSo·RS2 


All Read Registers 
0 
0 
1 
eee 


All Write Registers 
0 
1 
0 
eee 


High Impedance 
1 
d 
d 
ddd 


The Data-In Register is used to move data from the 
GPIB to the microprocessor 
or to memory when the 


8291A is addressed 
to listen. Incoming 
information 


is separately 
latched 
by this 
register, 
and its con- 


tents are not destroyed 
by a write to the data-out 


inter 


register. 
The RFD (Ready for Data) message is held 
false until the byte is removed from the data in regis- 
ter, either 
by the microprocessor 
or by DMA. The 
8291A then completes 
the handshake 
automatically. 


In RFD holdoff 
mode (see Auxiliary 
Register A), the 
handshake 
is not finished 
until a command 
is sent 
telling 
the 8291A to release the holdoff. 
In this way, 


the same byte may be read seveal times, or an over 
anxious 
talker may be held off until all available data 
has been processed. 


When 
the 8291A is addressed 
to talk, 
it uses the 
data-out 
register 
to move data onto the GPIB. After 
the BO interrupt 
is received 
and a byte is written 
to 
this register, 
the 8291A initiates 
and completes 
the 
handshake 
while sending 
the byte out over the bus. 


In the BO interrupt 
disable 
mode, the user should 
wait until BO is active before writing 
to the register. 


(In the DMA mode, this will happen automatically.) 
A 
read of the Data-In 
Register 
does 
not destroy 
the 


information 
in the Data-Out 
Register. 


inter 


The 8291A 
can be configured 
to generate 
an inter- 


rupt to the microprocessor 
upon 
the occurrence 
of 


any of 12 conditions 
or events 
on the 
GPIB. 
Upon 


receipt 
of 
an 
interrupt, 
the 
microprocessor 
must 


read 
~he Interrupt 
Status 
Registers 
to 
determine 


whic., 
event 
has 
occurred, 
and 
then 
execute 
the 


appropriate 
service 
routine 
(if necessary). 
Each 
of 


the 12 interrupt 
status 
bits has a matching 
enable 
bit 


in the 
interrupt 
enable 
registers. 
These 
enable 
bits 


are used to select 
the events 
that 
will 
cause the INT 


pin to be asserted. 
Writing 
a logic 
"1" 
into 
any of 


these 
bits 
enables 
the 
corresponding 
interrupt 


status 
bits to generate 
an interrupt. 
Bits in the Inter- 


rupt Status 
Registers 
are set regardless 
of the states 


of the enable 
bits. The Interrupt 
Status 
Registers 
are 


then 
cleared 
upon 
being 
read 
or when 
a local 
pon 


(power-on) 
message 
is executed. 
If an event.occurs 


while 
one of the Interrupt 
Status 
Registers 
is being 


read, 
the 
event 
is held 
until 
after 
its 
register 
is 


cleared 
and then 
placed 
in the 
register. 


The mnemonics 
for each 
of the bits 
in these 
regis- 


ters and a brief 
description 
of their 
respective 
func- 


tions 
appears 
in Table 4. This tables 
also 
indicates 


how each of the interrupt 
bits is set. 


NOTE: The INTbit in the Address 0 Register is a duplicate of the 


INTbit in the Interrupt Status 2 Register.It is only astatus 
bit. It doesnot generateinterrupts andthus doesnot have 
a corresponding enable bit. 


The BO and BI interrupts 
enable 
the user to perform 


data 
transfer 
cycles. 
BO indicates 
that 
a data 
byte 


should 
be written 
to the Data Out Register. 
It is set by 


TACS 
. (SWNS + SGNS) 
. RFD. It is reset when 
the 


data 
byte 
is written, 
ATN 
is asserted, 
or the 8291A 


exits TACS. Data should 
never be written 
to the Data 


Out 
Register 
before 
BO is set. 
Similarly, 
BI is set 


when 
an input 
byte is accepted 
into 
the 8291A 
and 


reset 
when 
the 
microprocessor 
reads 
the 
Data 
In 


Register. 
BO and BI are also reset by pon (power-on 


local 
message) 
and 
by 
a 
read 
of 
the 
Interrupt 


Indicates 
Undefined 
Commands 


Set by (TPAS + LPAS).SCG.ACDS.MODE 
3 


Set by DTAS 


Set by (EOS + EOI).LACS 


Set by DCAS 


Set by TACS·nba.DAC.RFD 


TACS.(SWNS+ 
SGNS) 


Set by LACS.ACDS 


Shows status of the INT pin 


The device has been enabled for a serial poll 


The device is in local lock out state. 


(LWLS+RWLS) 


The device is in a remote state. 
REM 


(REMS+RWLS) 


SPAS _SPAS 
if APRS.STRS.SPAS was true 


LLCNO 
LLO 


RemotO-0cal 


Addresse~Unaddressed 


CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


BI 


An undefined 
command 
has been received. 


A secondary 
address must be passed through 
to the microprocessor 
for recognition. 


A group execute trigger 
has occurred. 


An EOS or EOI message has been received. 


Device Clear Active State has occurred. 


Interface error has occurred; 
no listeners 


are active. 


A byte should 
be output. 


A byte has been input. 


INT 


SPAS 


LLO 
These are status only. They will not generate 
interrupts, 
nor do they have corresponding 


mask bits. 


SPC 


LLOC 


REMC 


ADSC 


Serial Poll Complete interrupt. 


Local lock out change interrupt. 


Remote/Local 
change interrupt. 


Address status change interrupt.' 


inter 


Status 
1 Register. 
However, 
if it is so desired, 
data 


transfer 
cycles 
may be performed 
without 
reading 


the Interrupt 
Status 1 Register if all interrupts 
except 


for 
BO or 
BI are disabled; 
BO and 
BI will 
auto- 


matically 
reset after each byte is transferred. 


If the 
8291A 
is used 
in the 
interrupt 
mode, 
the 
INT and DREQ pins can be dedicated 
to data input 


and output 
interrupts 
respectively 
by enabling 
BI 


and 
DMAO, provided 
that 
no other 
interrupts 
are 


enabled. 
This eliminates 
the need to read the inter- 


rupt 
status 
registers 
if 
a byte 
is 
received 
or 


transmitted. 


The ERR bit is set to indicate 
the bus error condition 


when the 8291 A is an active talker and tries to send a 
byte to the GPIB, but there 
are no active 
listeners 


(e.g., all devices 
on the GPIB are in AIDS). The logi- 
cal equivalent 
of (nba . TACS . DAC . RFD) will set 


this bit. 


The DEC bit is set whenever 
DCAS has occurred. 
The user 
must 
define 
a known 
state 
to which 
all 


device functions 
will return 
in DCAS. Typically 
this 


state will be a power-on 
state. However, the state of 


the device 
functions 
at DCAS is at the designer's 


discretion. 
It should 
be noted 
that 
DCAS has no 


effect on the interface 
functions 
which are returned 


to a known state by the IFC (interface clear) message 
or the pon local message. 


The END interrupt 
bit may be used by the micropro- 


cessor to detect that a multi-byte 
transfer 
has been 


completed. 
The bit will be set when the 8291A is an 


active listener 
(LACS) and either 
EOS (provided 
the 


End on EOS Received feature is enabled in theAuxil- 
iary Register A) or EOI is received. 
EOS will generate 


an interrupt 
when the byte in the Data In Register 


matches the byte in the EOS register. Otherwise 
the 


interrupt 
will 
be generated 
when 
a true 
input 
is 


detected 
on EOI. 


The GET interrupt 
bit is used by the microprocessor 


to detect 
that 
DTAS has occurred. 
It is set by the 


8291A when the GET message is received while it is 
addressed 
to 
listen. 
The TRIG 
output 
pin 
of the 


8291A 
fires 
when 
the GET message 
is received. 


Thus, the basic operation 
of device trigger 
may be 


started 
without 
microprocessor 
software 
interven- 


tion. 


The APT interrupt 
bit indicates 
to the processor 
that 


a secondary 
address is available 
in the CPT register 


for 
validation. 
This 
interrupt 
will 
only 
occur 
if 


Mode 3 addressing 
is in effect. 
(Refer to the section 


on addressing.) 
In Mode 2, secondary 
addresses will 


be recognized 
automatically 
on the 8291 A. They will 


be ignored 
in Mode 1. 


The 
CPT interrupt 
bit flags 
the 
occurrence 
of an 


undefined 
command 
and 
of all secondary 
com- 


mands following 
an undefined 
command. 
The Com- 


mand Pass Through 
feature 
is enabled 
by the BO bit 


of Auxiliary 
Register B. Any message not decoded 
by 


the 8291 A (not 
included 
in the 
state 
diagrams 
in 


Appendix 
B) becomes an undefined 
command. 
Note 


that 
any addressed 
command 
is automatically 
ig- 


nored when the 8291 A is not addressed. 


Undefined 
commands 
are read by the CPU from the 


Command 
Pass Through 
register 
of the 8291A. This 


register 
reflects 
the logic levels present 
on the data 


lines 
at the time 
it is read. 
If the 
CPT feature 
is 


enabled, 
the 8291A will hold off the handshake 
L'ntil 


this register 
is read. 


An especially 
useful feature of the 8291A is its ability 


to generate 
interrupts 
from 
state transitions 
in the 


interface 
functions. 
In particular, 
the lower 3 bits of 


the 
Interrupt 
Status 2 Register, 
if enabled 
by the 


corresponding 
enable 
bits, will 
cause an interrupt 


upon changes 
in the following 
states as defined 
in 


the IEEE 488 Standard. 


Bit 0 
ADSC 
change 
in LIDS or TIDS or MJMN 


Bit 1 
REMC 
change 
in LOCS or REMS 


Bit 2 
LLOC 
change 
in LWLS or RWLS 


The upper 
4 bits of the Interrupt 
Status 2 Register 


are available 
to the processor 
as status bits. Thus. if 


one of the bits 0-2 generates 
an interrupt 
indicating 


a state change 
has taken place, the corresponding 


status 
bit (bits 3-5 
may be read to determine 
what 


the new state is. To determine 
the nature of a change 


in addressed 
status (bit 0) the Address Status Regis- 


ter is available to be read. The SPC interrupt 
(bit 3 in 


Interrupt 
Status 
2) is set upon 
exit 
from 
SPAS if 


APRS.STRS.SPAS 
occurred 
which indicates 
that the 


GPIB controller 
has read the bus serial 
poll status 


byte after 
the 8291A 
requested 
service 
(asserted 


SRQ). The SPC interrupt 
occurs 
once after the con- 


troller 
reads the status byte if service was requested. 


intJ 


The controller 
may read the status byte later, and the 


byte will 
contain 
the 
last status 
the 8291 A's CPU 


wrote to the Serial Poll Mode Register, but the SRQS 
bit will not be set and no interrupt 
will be generated. 


Finally, bit 7 monitors 
the state of the 8291A INT pin. 
Logically, 
it is an OR of all enabled 
interrupt 
status 


bits. One should 
note that bits 3-6 of the Interrupt 


Status 2 Register do not generate 
interrupts, 
but are 


available only to be read as status bits by the proces- 
sor. Bit 7 in Interrupt 
Status 
2 is duplicated 
in Ad- 


dress 0 Register, and the latter should 
be used when 


polling for interrupts 
to avoid losing one of the inter- 


rupts 
in Interrupt 
Status 2 Register. 


Bits 4 and 5 (DMAI, DMAO) of the Interrupt 
Mask 2 


Register are available to enable di rect data transfers 
between 
memory 
and 
the 
GPIB; 
DMAI 
(DMA 
in) 


enables the DREQ (DMA request) pin of the 8291A to 
be asserted 
upon 
the occurrence 
of BI. Similarly, 
DMAO (DMA out) enables 
the DREQ pin to be as- 


serted 
upon the occurrence 
of BO. One might 
note 


that the DREQ pin may be used as a second interrupt 
output 
pin, monitoring 
BI and/or BO and enabled 
by 


DMAI and DMAO. One should 
note that the DREQ 


pin is not affected 
by a read of the Interrupt 
Status 1 


Register. 
It is reset whenever 
a byte is written 
to the 


Data Out Register or read from the Data In Register. 


To ensure 
that 
an interrupt 
status 
bit will 
not 
be 


cleared 
without 
being 
read, and will not remain un- 


cleared 
after 
being 
read, the 8291A implements 
a 


special 
interrupt 
handling 
procedure. 
When 
an 


enabled 
interrupt 
bit is set in either of the Interrupt 


Status 
Registers, 
the 
input 
of the 
registers 
are 


blocked 
until 
the set bit is read and reset by the 


microprocessor. 
Thus, 
potential 
problems 
arise 


when interrupt 
status 
changes 
while the register 
is 


being 
blocked. 
However, 
the 8291A stores 
all new 


interrupts 
in a temporary 
register and transfers 
them 


to the appropriate 
Interrupt 
Status Register after the 


interrupt 
has been reset. This transfer 
takes 
place 


only if the corresponding 
bits were read as zeroes. 


The Serial Poll Mode Register determines 
the status 


byte that the 8291A sends out on the GPIB data lines 
when 
it 
receives 
the 
SPE 
(Serial 
Poll 
Enable) 


message. Bit 6 of this register 
is reserved for the rsv 


(request service) 
local message. Setting 
this bit to 1 


causes the 8291A to assert its SRQ line, indicating 
its 


need for attention 
from 
the controller-in-charge 
of 


the GPIB. The other bits of this register are available 
for 
sending 
status 
information 
over 
the 
GPIB. 


Sometime 
after 
the 
microprocessor 
initiates 
a re- 


quest for service by setting 
bit 6, the controller 
of the 


GPIB sends the SPE message 
and then addresses 


the 8291A to talk. At this point, 
one byte of status is 


returned 
by the 8291A via the Serial Poll Mode Reg- 


ister. After 
the status 
byte is read by the controller, 


rsv is automatically 
cleared by the 8291A and an SPC 


interrupt 
is generated. 
The CPU may request service 


again by writing 
another 
byte to the Serial Poll Mode 


Register 
with 
the rsv bit set. If the controller 
per- 


forms 
a serial poll when the rsv bit is clear, the last 


status byte written 
will be read, but the SRQ line will 


not be driven by the 8291A and the SRQS bit will be 
clear in the status byte. 


The Serial Poll Status Register 
is available 
for read- 


ing the status byte in the Serial Poll Mode Register. 
The processor 
may check the status of a request for 


service 
by polling 
bit 6 of this register, 
which 
corre- 


sponds 
to SRQS (Service 
Request 
State). 
When a 


Serial 
Poll 
is conducted 
and 
the 
controller-in- 
charge 
reads 
the 
status 
byte, 
the 
SRQS 
bit 
is 
cleared. 
The 
SRQ 
line 
and 
the 
rsv 
bit 
are 
tied 


together. 


The Address 
Mode 
Register 
is used to select 
one of 
the five modes 
of addressing 
available 
on the 8291 A. 
It determines 
the way in which 
the 8291A 
uses the 


information 
in 
the 
Address 
0 
and 
Address 
1 
Registers. 


-In 
Mode 
1, the contents 
of the Address 
0 Register 
constitute 
the "Major" 
talker/listener 
address 
while 
the 
Address 
1 Register 
represents 
the 
"Minor" 


talker/listener 
address. 
In applications 
where 
only 
one 
address 
is needed, 
the 
major 
talker/listener 
is 
used, 
and 
the 
minor 
talker/listener 
should 
be dis- 
abled. 
Loading 
an address 
via the Address 
0/1 Regis- 
ter into Address 
Registers 
0 and 1 enables 
the major 
and 
minor 
talker/listener 
functions 
respectively. 


-In 
Mode 
2 the 
8291A 
recognizes 
two 
sequential 
address 
bytes: 
a primary 
followed 
by a secondary. 


Both 
address 
bytes 
must 
be 
received 
in order 
to 
enable 
the 
device 
to talk 
or listen. 
In this 
manner, 


Mode 
2 addressing 
implements 
the extended 
talker 
and 
listener 
functions 
as defined 
in IEEE-488. 


To use Mode 2 addressing 
the primary 
address 
must 
be loaded 
into the Address 
0 Register, 
and the Sec- 
ondary 
Address 
is placed 
in the Address 
1 Register. 


With 
both 
primary 
and secondary 
addresses 
resid- 
ing 
on 
chip, 
the 
8291A 
can 
handle 
all addressing 
sequences 
without 
processor 
intervention. 


-In 
Mode 3, the 8291A handles 
addressing 
just as it 
does 
in Mode 
1, except 
that 
eacb 
Major 
or Minor 
primary 
address 
must 
be followed 
by a secondary 
address. 
All secondary 
addresses 
must 
be verified 
by the microprocessor 
when 
Mode 
3 is used. 
When 


the 8291A is in TPAS or LPAS (talker/listener 
primary 
addressed 
state), 
and it does not recognize 
the byte 
on the 010 lines, 
an APT interrupt 
is generated 
(see 
section 
on Interrupt 
Registers) 
and the byte is avail- 
able in the CPT (Command 
Pass-Through) 
Register. 


As part of its interrupt 
service 
routine, 
the micropro- 
cessor 
must 
read the CPT Register 
and write 
one of 


the 
following 
responses 
to 
the 
Auxiliary 
Mode 
Register: 


1. 07H implies 
a non-valid 
secondary 
address 


2. OFH implies 
a valid 
secondary 
address 


Setting 
the 
TO 
bit 
generates 
the 
local 
ton 
(talk- 
only) 
message 
and 
sets 
the 
8291A 
to 
a talk-only 
mode. 
This 
mode 
allows 
the device 
to operate 
as a 


talker 
in an interface 
system 
without 
a controller. 


Setting 
the 
LO bit 
generates 
the 
local 
Ion 
(listen- 


only) 
message 
and 
sets 
the 
8291A 
to a listen-only 


mode. 
This 
mode 
allows 
the device 
to operate 
as a 


listener 
in an interface 
system 
without 
a controller. 


The above 
bits may also 
be used 
by a controller-in- 


charge 
to set itself 
up for remote 
command 
or data 


communication. 


The mode 
of addressing 
implemented 
by the 8291A 


may be selected 
bywriting 
one of the following 
bytes 


to the Address 
Mode 
Register. 


Register 
Contents 
Mode 


10000000 
Enable 
talk 
only 
mode 
(ton) 


01000000 
Enable 
listen 
only 
mode 
(Ion) 


11000000 
The 8291 
may talk 
to itself 


00000001 
Mode 
1, (Primary-Primary) 


00000010 
Mode 
2 (Primary-Secondary) 


00000011 
Mode 
3 (Primary/APT-Primary/APT) 


The 
Address 
Status 
Register 
contains 
information 


used 
by 
the 
microprocessor 
to 
handle 
its 
own 


addressing. 
This 
information 
includes 
status 
bits 


that 
monitor 
the 
address 
state 
of 
each 
talker/ 


listener, 
"ton" 
and 
"Ion" 
flags 
which 
indicate 
the 


talk 
and 
listen 
only 
states, 
and 
an 
EOI bit 
which, 


when set, signifies 
that the END message 
came with 


the last data byte. LPAS and TPAS 
indicate 
that the 


listener 
or talker 
primary 
address 
has been received. 


The 
microprocessor 
can 
use these 
bits 
when 
the 


secondary 
address 
is passed 
through 
to determine 
whether 
the 8291A is addressed 
to talk or listen. 
The 


LA 
(listener 
addressed) 
bit 
will 
be 
set 
when 
the 


8291A 
is in LACS (Listener 
Active 
State) 
or in LADS 
(Listener 
Addressed 
State). 
Similarly, 
the TA (Talker 


Addressed 
bit) will be set to indicate 
TACS orTAOS, 


but also to indicate 
SPAS 
(Serial 
Poll Active 
State). 


The 
MJMN 
bit 
is used 
to 
determine 
whether 
the 
information 
in the other 
bits applies 
to the Major 
or 


Minor 
talker/listener. 
It is set to "1" 
when 
the Minor 


talker/listener 
is addressed. 
It should 
be noted 
that 
only 
one 
talker/listener 
may 
be active 
at anyone 
time. 
Thus, 
the 
MJMN 
bit 
will 
indicate 
which, 
if 


either, 
of the talker/listeners 
is addressed 
or active. 


The Address 
0/1 Register 
is used for specifying 
the 
device's 
addresses 
according 
to the format 
selected 
in the 
Address 
Mode 
Register. 
Five 
bit 
addresses 
may 
be loaded 
into 
the 
Address 
0 and 
Address 
1 
Registers 
by writing 
into 
the Address 
0/1 Register. 


The ARS bit is used to select 
which 
of these 
registers 
the other 
seven 
bits will 
be loaded 
into. The OT and 
OL bits may be used to disable 
the talker 
or listener 


function 
at the 
address 
signified 
by the 
other 
five 


inter 


bits. When Mode 1 addressing 
is used and only one 
primary 
address 
is desired, both the talker 
and the 


listener 
should 
be disabled 
at the Minor 
address. 


As an example 
of how 
the Address 
0/1 Register 
might be used, consider 
an example 
where two pri- 


mary addresses are needed in the device. The Major 
primary 
address 
will 
be selectable 
only as a talker 


and the Minor 
'primary 
address 
will 
be selectable 


only as a listener. 
This configuration 
of the 8291A is 


formed 
by the following 
sequence 
of writes 
by the 


microprocessor. 


Operation 
CS 
RD 
WR 
Data 
RS2-RSO 


1. Select addressing Mode 1 0 
1 
0 
00000001 
100 


2. Load major address into 
0 
1 
0 
001AAAAA 
110 


Address 0 Register with 
listener function disabled. 


3. Load minor address into 
0 
1 
0 
110BBBBB 
110 


Address 1 Register with 
talker function disabled. 


At this point, the addresses AAAAA and BBBBB 
are 


stored in the Address 
0 and Address 
1 Registers 
re- 


spectively, 
and are available to be read by the micro- 


processor. 
Thus, 
it is not 
necessary 
to store 
any 


address 
information 
elsewhere. 
Also, 
with 
the in- 
formation 
stored 
in the Address 
0 and Address 
1 


Registers. 
processor 
intervention 
is not required 
to 


recognize 
addressing 
by the 
controller. 
Only 
in 


Mode 3, where 
secondary 
addresses 
are 
passed 


through, 
must 
the 
processor 
intervene 
in the 


addressing 
sequence. 


The Address 0 Register contai ns a copy of bit 7 of the 
Interrupt 
Status 2 Register 
(INT). This is to be used 


when 
polling 
for 
interrupts. 
Software 
should 
poll 


register 
6 checking 
for INT (bit 7) to be set. When INT 


is set, the Interrupt 
Status Register should be read to 


determine 
which 
interrupt 
was received. 


The Command 
Pass Through 
Register 
is used to 


transfer 
undefined 
8-bit 
remote 
message 
codes 


from the GPIB to the microprocessor. 
When the CPT 


feature 
is enabled 
(bit BO in Auxiliary 
Register 
B), 
any message not decoded 
by the 8291 A becomes an 


undefined 
command. 
When 
Mode 3 addressing 
is 


used secondary 
addresses 
are also passed through 


the CPT Register. In either case, the 8291A will hold- 
off the handshake 
until 
the microprocessor 
reads 


this 
register 
and 
issues 
the 
VSCMD 
auxiliary 


command. 


The CPT and APT interrupts 
flag the availablility 
of 


undefined 
commands 
and secondary 
addresses 
in 


the CPT Register. The details of these interrupts 
are 


explained 
in the section 
on Interrupt 
Registers. 


An added feature of the 8291A is its ability to handle 
undefined 
secondary 
commands 
following 
unde- 


fined 
primaries. 
ThUS, the 
number 
of 
available 


commands 
for 
future 
IEEE-488 
definition 
is in- 


creased; one undefined 
primary command 
followed 


by a sequence 
of as many as 32 secondary 
com- 


mands 
can be processed. 
The IEEE-488 Standard 


does 
not 
permit 
users 
to 
define 
their 
own 
com- 


mands, but upgrades 
of the standard 
are thus pro- 


vided for. 


The 
recommended 
use of the 8291A's 
undefined 


command 
capabilities 
is for a controller-configured 


Parallel Poll. The PPC message is an undefined 
pri- 


mary command 
typically 
followed 
by PPE, an unde- 


fi ned secondary 
command. 
For details on this proce- 


dure, refer to the section 
on Parallel Poll Protocol. 


CNTO-2 :CONTROL BITS 


COMO-4:COMMAND 
BITS 


The Auxiliary 
Mode 
Register 
contains 
a three-bit 


control 
field and a five-bit 
command 
field. It is used 


for several purposes 
on the 8291A: 


1. To 
load 
"hidden" 
auxiliary 
registers 
on 
the 


8291 A. 


2. To issue commands 
from the microprocessor 
to 


the 8291A. 


3. To preset an internal 
counter 
used to generate 


T1, delay in the Source 
Handshake 
function, 
as 


defined 
in IEEE-488. 


Table 5 summarizes 
how these tasks are performed 


with the Auxiliary 
Mode Register. Note that the three 


control 
bits determine 
how the five command 
bits 


are interpreted. 


inter 


CODE 


CONTROL 
COMMAND 
COMMAND 


BITS 
BITS 


000 
OCCCC 
Execute auxiliary 
command 
CCCC 
001 
aDDDD 
Preset internal counter 
to 


match external clock 
frequency 
of DDDD 
MHz 


(DDDD binary representation 
of 1 to 8 MHz) 


100 
DDDDD 
Write DDDDD into auxiliary 
register A 


101 
DDDDD 
Write DDDDD into auxiliary 
register B 


011 
USP3P2P, 
Enable/disable 
parallel poll 
either in response to remote 
messages (PPC followed 
by 
PPE or PPD) or as a local 
Ipe message. (Enable if U = 0 
disable 
if U = 1.) 


Auxiliary 
commands 
are 
executed 
by the 
8291A 


whenever 
OOOOCCCC is written 
into 
the 
Auxiliary 


Mode 
Register. 
where 
CCCC 
is the 4-bit 
command 


code. 


OOOO-immediate 
Execute 
pon: 
This 
command 


resets 
the 
8291A 
to 
a power 
up 
state 
(local 
pon 


message 
as defined 
in IEEE-488). 
The 
following 
conditions 
constitute 
the 
power 
up 


state: 
1. All talkers 
and listeners 
are disabled. 


2. 
No interrupt 
status 
bits are set. 


The 8291A is designed 
to power 
up in certain 
states 


as specified 
in the 
IEEE-488 
state 
diagrams. 
Thus. 
the 
following 
states 
are 
in effect 
in the 
power 
up 


state: 
SIDS. 
AIDS. 
TlDS. 
LIDS. 
NPRS. 
LaCS. 
and 


PPIS. 
The "0000" 
pon is an immediate 
execute 
command 


(a pon pulse). 
It is also used to release 
the "initialize" 
state 
generated 
by either 
an external 
reset 
pulse 
or 


the "0010" 
Chip 
Reset command. 


0010-Chip 
Reset (Initialize): 
This command 
has the 


same 
effect 
as a pulse 
applied 
to 
the 
Reset 
pin. 
(Refer 
to the section 
on Reset Procedure.) 


0011 -Finish 
Handshake 
:This command 
finishes 
a 


handshake 
that 
was stopped 
because 
of a holdoff 


on RFD. (Refer 
to Auxiliary 
Register 
A.) 


0100-Trigger: 
A "Group 
Execute 
Trigger" 
is forced 


by this 
command. 
It has the 
same 
effect 
as a GET 


command 
issued 
by the controller-in-charge 
of the 


GPIB. 
but does 
not cause 
a GET interrupt. 


0101, 
1101-Clear/Set 
rtl: 
These 
commands 
corre- 


spond 
to the 
local 
rtl 
message 
as defined 
by the 


IEEE-488. 
The 8291A will go into 
local 
mode 
when 
a 


Set 
rtl 
Auxiliary 
Command 
is 
received 
if 
local 


lockout 
is not 
in effect. 
The 
8291A 
will 
exit 
local 


mode 
after 
receiving 
a Clear 
rtl Auxiliary 
Command 
if the 8291A 
is addressed 
to listen. 


0110-Send 
EOI: The EOIline 
of the 8291A 
may be 


asserted 
with 
this command. 
The command 
causes 


EOI to go true 
with 
the 
next 
byte transmitted. 
The 


EOI 
line 
is then 
cleared 
upon 
completion 
of 
the 


handshake 
for that 
byte. 


0111, 1111-Non 
ValidNalid 
Secondary 
Address 
or 


Command 
(VSCMD): 
This 
command 
informs 
the 


8291A 
that 
the secondary 
address 
received 
by the 


microprocessor 
was valid 
or invalid 
(0111 = invalid. 


1111 
= valid). 
If Mode 
3 addressing 
is used. 
the 


processor 
must 
field 
each 
extended 
address 
and 


respond 
to it. or the GPIB will hang up. Note that the 


COM3 
bit is the invalid/valid 
flag. 


The valid 
(1111) 
command 
is also 
used 
to tell 
the 


8291A 
to 
continue 
from 
the 
command-pass- 


through-state. 
or from 
RFD 
holdoff 
on 
GET, SDC 


or DCL. 


1000-pon: 
This command 
puts 
the 8291A 
into 
the 


pon (power 
on) state and holds 
it there. 
It is similar 
to 


a Chip 
Reset 
except 
none 
of 
the 
Auxiliary 
Mode 


Registers 
are cleared. 
In this state. 
the 8291A 
does 


not 
participate 
in any 
bus 
activity. 
An 
Immediate 


Execute 
pon releases 
the 8291A 
from 
the pon state 


and 
permits 
the 
device 
to 
participate 
in 
the 
bus 


activity 
again. 


0001, 1001-Parallel 
Poll Flag (local 
"ist" 
message): 


This command 
sets (1001) or clears 
(0001) the paral- 


lel poll flag. A "1" is sent over the assigned 
data line 


(PRR = Parallel 
Poll Response 
true) only if the paral- 


lel poll flag matches 
the sense 
bit from 
the Ipe local 


message 
(or indirectly 
from the PPE message). 
For a 


more 
complete 
description 
of 
the 
Parallel 
Poll 


features 
and procedures 
refer to the section 
on Par- 


allel 
Poll Protocol. 


INTERNAL 
COUNTER 


The 
internal 
counter 
determines 
the delay 
time 
al- 
lowed 
for the setting 
of data 
on the DIO lines. 
This 


delay time 
is defined 
as T, in IEEE-488 
and appears 


in the Source 
Handshake 
state diagram 
between 
the 


inter 


SDYS and STRS. As such, 
DAV is asserted 
T, after 


the DIO lines are driven. 
Consequently, 
T, is a major 


factor 
in determining 
the data transfer 
rate of the 
8291A over the GPIB (T, = TWRDV2-TWRD15). 


When open-collector 
transceivers 
are used for con- 
nection 
to the GPIB, T, is defined 
by IEEE-488 to be 


2JLsec. By writing 
001 ODDDD into the Auxiliary 
Mode 
Register, 
the counter 
is preset 
to match 
a fc MHz 


clock 
input, 
where 
DDDD is the binary 
representa- 


tion of NF [1.,;NF.,;8, NF=(DDDD).]. 
When NF = fc, a 


2JLsec T, delay will 
be generated 
before 
each 
DAV 


asserted. 
. 


TllJLSecl 
= 
2f~F + tSYNC 
, 1.,;NF.,;8 


tSYNC 
is a synchronization 
error, 
greater 
than 
zero 
and smaller 
than the larger 
of T clock 
high and T 
clock 
low. (For a 50% duty cycle clock, 
tSYNC 
is less 


than half the clock 
cycle). 


If it is necessary 
that T, be different 
from 2JLsec, NF 
may be set to a value other than fc. In this manner, 
data transfer 
rates may be programmed 
for a given 


system. In small systems, for example, 
where trans- 


fer 
rates 
exceeding 
GPIB 
specifications 
are 
re- 


quired, 
one may set NF<fc and decrease T,. 


When tri-state 
transceivers 
are used, II;EE-488 
al- 


lows 
a higher 
transfer 
rate 
(lower 
T,). Use of the 
8291A with such transceivers 
is enabled 
by setting 
B2 in Auxiliary 
Register 
B. In this case, setting 
NF=fc 


causes a T, delay of 2JLsec to be generated 
for the 


first 
byte transmitted 
- 
all subsequent 
bytes 
will 
have a delay of 500 nsec. 


T,(High 
Speed) JLsec = ~: 
+ tSYNC 


Thus, 
the shortest 
T, is achieved 
by setting 
NF=1 
using 
an 8 MHz clock 
with 
a 50% duty cycle clock 


(tsYNc<63 
nsec): 


1 
TllHSI = 2x8 + 0.063 = 125 nsec max. 


Auxiliary 
Register 
A is a "hidden" 
5-bit 
register 


which 
is used to enable some of the 8291A features. 
Whenever 
a 100 A.A3A2A,A" 
byte is written 
into the 


Auxiliary 
Register, 
it 
is 
loaded 
with 
the 
data 


A.A3A2A,Ao. 
Setting 
the 
respective 
bits 
to 
"1" 


enables 
the following 
features. 


Ao- 
RFD Holdoff 
on all Data: If the 8291A is listen- 


ing, RFD will not be sent true until the "finish 
hand- 


shake" 
auxiliary 
command 
is 
issued 
by 
the 


microprocessor. 
The holdoff 
will be in effect for each 


data byte. 


A,-RFD 
Holdoff 
on End: This feature 
enables 
the 


holdoff 
on EOI or EOS (if enabled). 
However, 
no 


holdoff 
will be in effect 
on any other 
data bytes. 


A2-End 
on EOS Received: 
Whenever 
the byte in the 


Data In Register matches the byte in the EOS Regis- 
ter, the END interrupt 
bit will be set in the Interrupt 


Status 
1 Register. 


A3-Output 
EOI on EOS Sent: 
Any occurrence 
of 


data 
in the 
Data Out 
Register 
matching 
the 
EOS 


Register 
causes the EOI line to be sent true along 


with the data. 


A.-EOS 
Binary 
Compare: 
Setting 
this 
bit causes 


the EOS Register 
to function 
as a full 8-bit 
word. 


When it is not set, the EOS Register 
is a 7-bit word 


(for ASCII characters). 


If A,,=A, = 1, a special 
"continuous 
Acceptor 
Hand- 


shake cycling" 
mode is enabled. 
This mode should 


be used only in a controller 
system 
configuration, 


where 
both 
the 8291A 
and 
the 8292 are used. 
It 


provides 
a continuous 
cycling 
through 
the Acceptor 


Handshake 
state diawam, 
requiring 
no local 
mes- 


sages from the micro'processor; 
the rdy local 
mes- 


sage is automatically 
generated 
when 
in ANRS. As 


such, the 8291A Acceptor 
Handshake 
serves as the 


controller 
Acceptor 
Handshake. 
Thus, the controller 


cycles through 
the Acceptor 
Handshake 
without 
de- 


laying 
the data transfer 
in progress. 
When the tcs 


local 
message 
is executed, 
the 8291A 
should 
be 


taken out of the "continuous 
AH cycling" 
mode, the 


GPIB will hang up in ANRS, and a BI interrupt 
will be 


generated 
to indicate 
that control 
may be taken. A 


simpler 
procedure 
may be used when a "tcs on end 


of block" 
is executed; 
the 8291A may stay in "con- 


ti nuous AH cycl ing". Upon the end of a block 
(EOI or 


EOS received), 
a holdoff 
is generated, 
the 
GPIB 


hangs up in ANRS, and control 
may be taken. 


Auxiliary 
Register 
8 
is a "hidden" 
4-bit 
register 
which 
is used to enable some of the features 
of the 
8291A. Whenever 
a 101 8.83828,80 
is written 
into 


the Auxiliary 
Mode 
Register, 
it is loaded 
with 
the 
data 8.83828,80, 
Setting 
the respective 
bits to "1" 


enables the following 
features: 


So-Enable 
Undefined 
Command 
Pass Through: 


This feature 
allows 
any commands 
not recognized 
by the 8291A to be handled 
in software. 
If enabled, 
this feature will cause the 8291A to holdoff 
the hand- 


shake when an undefined 
command 
is received. The 


microprocessor 
must then read the command 
from 


the Command 
Pass Through 
Register and send the 


VSCMD auxiliary 
command. 
Until the VSCMD com- 


mand is sent, the handshake 
ho!doff will be in effect. 


B,-Send 
Eol in SPAS: This bit enables 
Eol to be 


sent with the status byte; Eol is sent true in Serial 
Poll 
Active 
State. 
Otherwise, 
Eol 
is sent false 
in 


SPAS. 


B2-Enable 
High Speed Data Transfer: This feature 


may be enabled when tri-state 
external transceivers 


are used. The data transfer 
rate is limited by T, delay 


time generated 
in the Source 
Handshake 
function, 


which 
is defined 
according 
to the type of transceiv- 


ers used. When the "High Speed" feature is enabled, 
T, = 2 microseconds 
is generated 
for the first byte 


transmitted 
after each true to false transition 
of ATN. 
For all subsequent 
bytes, T, = 500 nanoseconds. 
Refer to the Internal Counter section for an explana- 
tion of T, duration 
as a function 
of 82 and of clock 


frequency. 


B3-Enable 
Active 
low 
Interrupt: 
Setting 
this 
bit 


causes the polarity 
of the INT pin to be reversed, 
providing 
an output 
signal 
compatible 
with 
Intel's 


MCS-48® Family. Interrupt 
registers 
are not affected 


by this bit. 


B.-Enable 
RFD Holdoff 
on GETor DEC: Setting this 


bit causes RFD to be held false until the "VSCMD" 
auxiliary 
command 
is written 
after 
GET, SDC, and 


DCl 
commands. 
This allows the device to hold off 


the 
bus until 
it has completed 
a clear 
or trigger 


similar 
to an unrecognized 
command. 


Writing 
a 011USP3P2P, into the Auxiliary 
Mode Reg- 


ister will enable (U=O) or disable (U=1 )the8291A 
for 


a parallel poll. When U=0, this command 
is the "Ipe" 


(local 
poll 
enable) 
local 
message 
as defined 
in 


IEEE-488. 
The 
"S" 
bit 
is the 
sense 
in which 
the 


8291A is enabled; 
only if the Parallel Poll Flag ("ist" 


local message) matches this bit will the Parallel Poll 
Response, 
PPRN, be sent true (Response= 
S + ist). 


The bits P3P2P, specify which 
of the eight data lines 


PPRN will 
be sent over. Thus, once the 8291A has 


been configured 
for Parallel Poll, whenever 
it senses 


both Eol and ATN true, it will automatically 
compare 


its PP flag with the sense bit and send PPRN true or 
false according 
to the comparison. 


If a PP2· implementation 
is desired, 
the "Ipe" 
and 
"ist" 
local messages 
are all that are needed. Typi- 


cally, the user will configure 
the 8291A for Parallel 


Poll immediately 
after initialization. 
During 
normal 


operation 
the microprocessor 
will set or clear the 


Parallel Poll Flag (ist) according 
to the device's need 


for service. Consequently 
the 8291A will be set up to 


give the proper response to IDY (Eol 
• ATN) without 


di rectly involving 
the microprocessor. 


If a PP1· implementation 
is desired, 
the undefined 


command 
features 
of the 8291A must be used. In 


PP1, the 8291A is indirectly 
configured 
for Parallel 


Poll by the active 
controller 
on the GPI8. 
The se- 


quence 
at the 8291A being enabled 
or disabled 
re- 


motely 
is as follows: 


1. The PPC message is received 
and is loaded into 


the Command 
Pass Through 
Register 
as an un- 


defined 
command. 
A CPT Interrupt 
is sent to the 


microprocessor; 
the handshake 
is automatically 


held off. 


2. The microprocessor 
reads the CPT Register 
and 


sends 
VSCMD 
to 
the 
8291A, 
releasing 
the 


handshake. 


3. Having 
received 
an 
undefined 
primary 
com- 


mand, the 8291A is set up to receive an undefi ned 
secondary 
command 
(the PPE or PPD message). 


This message is also received into the CPT Regis- 
ter, the handshake 
is held off, and the CPT inter- 


rupt is generated. 


inter 


4. The microprocessor 
reads the PPE or PPD mes- 
sage and writes the command 
into the Auxiliary 
Mode Register 
(bit 7 should 
be cleared first). 
Fi- 
nally, the microprocessor 
sends VSCMD and the 
handshake 
is released. 


The EOS Register 
and its features 
offer an alterna- 
tive to the "Send 
EOI" auxiliary 
command. 
A seven 
or eight 
bit byte (ASCII or binary) 
may be placed in 
the register 
to flag the end of a block 
or read. The 
type of EOS byte to be used is selected 
in Auxiliary 
Register 
bit A.. 


If the 8291A 
is a listener, 
and the 
"End 
on EOS 
Received" 
is enabled with bit A2, then an END inter- 
rupt is generated 
in the Interrupt.Status 
1 Register 
whenever 
the byte in the Data-In Register 
matches 
the byte in the EOS Register. 


, 


If the 8291A is a talker, and the "Output 
EOI on EOS 
Sent" is enabled with bit A3, then the EOlline 
is sent 
true with the next byte whenever 
the contents 
of the 
Data Out Register 
match the EOS register. 


The 8291 A is reset to an initialization 
state either by a 
pulse applied 
to its Reset pin, or by a reset auxiliary 
command 
(02H written 
into the Auxiliary 
Command 
Register). 
The following 
conditions 
are caused by a 
reset pulse (or local reset command): 


1. A "pon" 
local message as defined 
by IEEE-488 is 
held true until the initialization 
state is released. 


2. The Interrupt 
Status 
Registers 
are cleared 
(not 
Interrupt 
Enable Registers). 
3. Auxiliary 
Registers 
A and 8 are cleared. 


4. The Serial Poll Mode Register 
is cleared. 


5. The Parallel 
Poll Flag is cleared. 
6. The 
EOlbit 
in the Address 
Status 
Register 
is 
cleared. 


7. NF in the Internal 
Counter 
is set to 8 MHz. This 
setting causes the longest 
possible T, delay to be 
generated 
in the Source 
Handshake 
(16 JLsec for 
1 MHz clock). 


8. The rdy local message is sent. 


The 
initialization 
state 
is 
released 
by an 
"im- 
mediate 
execute 
pon" 
command 
(OOHwritten 
into 
the Auxiliary 
Command 
Register). 


1.· Apply 
a reset pulse 
or send the reset auxiliary 
command. 
2. Set the desired 
intial 
conditions 
by writing 
into 
the Interrupt 
Enable, Serial 
Poll Mode, Address 
Mode, Address 0/1 , and EOS Registers. 
Auxiliary 
Registers 
A and 
8, 
and 
the 
internal 
counter 


should 
also be initialized. 


3. Send 
the 
"immediate 
execute 
pon" 
auxiliary 


command 
to release the initialization 
state. 


4. If a PP2 Parallel Poll implementation 
is to be used 
the "Ipe" 
local 
message 
may be sent, enabling 
the 8291A for 
a Parallel 
Poll 
Response 
on an 
assigned 
line. (Refer to the section 
on Parallel 
Poll Protocol.) 


The 8291A may be connected 
to the Intel® 8237 or 
8257 DMA Controllers 
or the 8089 I/O Processor 
for 


DMA operation. 
The 8237 will be used to refer to any 


DMA controller. 
The DREQ pin of the 8291A requests 
a DMA byte transfer 
from the 8237. It is set by 80 or 
81 flip flops, enabled 
by the DMAO and DMAI bits in 


the Interrupt 
Enable 2 Register. 
(After reading, 
the 
INn 
register 80 and 81interrupts 
will be cleared but 


not 80 and 81 in DREQ equation.) 


The DACK pin is driven 
by the 8237 in response 
to 
the DMA request. When DACK is true (active low) it 
sets CS= RSO= RS1 = RS2=0 such that the RD and 
WR signals sent by the 8237 refer to the Data In and 
Data Out Registers. 
Also, the DMA request 
line is 


reset by DACK (RD + WR). 


DMA input sequence: 


1. A data byte is accepted 
from 
the GPI8 
by the 


8291A.' 
c 


2. A 81 interrupt 
is generated 
and DREQ is set. 


3. DACK and RD are driven by the8237, 
the contents 
of the 
Data In Register 
are transferred 
to the 
system bus, and DREQ is reset. 


4. The 8291A sends RFD true on the GPI8 and pro- 


ceeds with the Acceptor 
Handshake 
protocol. 


DMA output 
sequence: 


1. A 80 interrupt 
is generated 
(indicating 
that a byte 
shoL!ld be output) 
and DREQ is asserted. 


inter 


2. DACK and WR are driven 
by the 8237, a byte is 
transferred 
from the MCS bus into the Data Out 
Register, 
and DREQ is reset. 


3. The 8291A sends DAV true on the GPIB and pro- 
ceeds with the Source 
Handshake 
protocol. 


It should 
be noted 
that each time the device 
is ad- 
dressed 
(MTA + MLA + ton + Ion), the 
Address· 


Status Register 
should 
be read, and the 8237 should 
be initialized 
accordingly. 
(Refer to the 8237 or 8257 
Data Sheets.) 


System Configuration 


MICROPROCESSOR BUS CONNECTION 
The 8291 A is 8048/49. 
8051, 8080/85. 
and 8086/88 


compatible. 
The three 
address 
pins (RSo• RS" 
RS2) 


should 
be connected 
to the 
non-multiplexed 
ad- 


dress bus (for example: 
A8, A9, A,o). In case of 8080, 


any address 
lines may be used. If the three 
lowest 


address 
bits are used (Ao,A" A2). then they must be 


demultiplexed 
first. 


EXTERNAL TRANSCEIVERS CONNECTION 
The 8293 GPIB Transceiver 
interfaces 
the 8291A di- 


rectly to the IEEE-488 bus. The 8291A and two 8293's 
can be configured 
as a talker/listener 
(see Figure 
6) 


or with 
the 8292 as a talker/listener/controller 
(see 


Figure 
7). Absolutely 
no active 
or passive 
external 


components 
are required 
to comply 
with 
the com- 


plete IEEE-488 electrical 
specification. 
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The following 
section 
describes 
the steps needed to 
initialize 
a typical 
8291A 
system 
implementing 
a 
talker/listener 
interface 
and an 8291N8292 
system 
implementing 
a talker/listener/controller 
interface. 


TALKER/LISTENER 
SYSTEM 
Assume 
a general 
system 
configuration 
with 
the 
following 
features: 
(i) Polled 
system 
interface; 
(ii) 
Mode 1 addressing; 
(iii) same address for talker and 
listener; 
(iv) ASCII 
carriage 
return 
as the 
end-of- 
sequence 
(EOS) character; 
(v) EOI sent true with the 
last byte; and, (vi) 8 MHz clock. 


Initialization. 
Initialization 
is accomplished 
with 


the following 
steps: 


1. Pulse the RESET input or write 02H to the Auxil- 


iary Mode Register. 


2. Write OOHto the Interrupt 
Enable Registers 
1 and 
2. This disables 
interrupt 
and DMA. 


3. Write 01H to the Address 
Mode Register to select 
Mode 1 addressing. 


4. ~rite 
28H to the Auxiliary 
Mode 
Register. 
This 
loads 8H to the Auxiliary 
Register A matching 
the 
8 MHz clock input to the internalT1 
delay counter 
to generate 
the delay meeting 
the IEEE spec. 


5. Write the talker/listener 
address 
to the Address 
0/1 register. 
The three 
most significant 
bits are 


zero. 


6. Write an ASCII carriage 
return 
(ODH) to the EOS 


register. 


7. Write 84H to the Auxiliary 
Mode Register 
to allow 
EOI to be sent true when 
the EOS character 
is 


sent. 


8. Write 
OOH to the Auxiliary 
Mode 
Register. 
This 
writes 
th~ 
"Immediate 
Execute 
pon" 
message 
and takes the 8291A from the initialization 
state 


into the idle state. The 8291Awill 
remain idle until 
the controller 
initiates 
some 
activity 
by driving 
ATN true. 


Communication. 
The 
local 
CPU 
now 
polls 
the 
8291A to determine 
which 
controller 
command 
has 
been received. 


The controller 
addresses 
the 8291A by driving 
ATN, 
placing 
MLA (My Listen Address) 
on the bus and 
driving 
DAV.lf the lower five bits of the MLA message 
match the address programmed 
into the Address 0/1 


register, the 8291 A is addressed 
to listen. It would 
be 


addressed 
to talk if the controller 
sent the MTA mes- 
sage instead 
of MLA. 


The ADSC bit in the Interrupt 
Status 2 Register 
indi- 


cates 
that 
the 
8291A 
has 
been 
addressed 
or 


unaddressed. 
The TA and 
LA bits 
in the Address 


Status Register 
indicate 
whether 
the 8291A is talker 


(TA=1), 
listener 
(LA=1), 
both 
(TA=LA=1) 
or unad- 


dressed 
(TA=LA=O). 


If the 8291 A is addressed 
to listen, the local CPU can 


read the Data-In Register 
whenever 
the BI (Byte In) 


interrupt 
occ'urs in the Interrupt 
Status 1 Register. If 


the END bit in the same register is also set, either EOI 
'or a data byte matching 
the pattern 
in the EOS regis- 


ter has been received. 


In the talker 
mode, 
the 
CPU writes 
data 
into 
the 


Byte-Out 
Register 
on BO (Byte Out) true. 


TALKER/LISTENER/CONTROLLER 
SYSTEM 


Combined 
with the Intel 8292, the 8291 A executes 
a 


complete 
IEEE-488-1978 
controller 
function, 
The 


8291A talks and listens via the data and handshake 
lines (NRFD, NDAC and DAY). The 8292 controls 
four 


of the five bus management 
lines (IFC, SRQ,ATN and 


REN). ro, the fifth 
line, is shared. The 8291A drives 


and receives 
EOI when 
EOT is used as an end-of- 


block 
indicator. The 8292 drives ~ 
along with AiN 


during 
a parallel 
poll command. 


Once again, assume a general system configuration 
with the following 
features: 
(i) Polled 
system 
inter- 


face; 
(ii) 
8292 
as 
the 
system 
controller 
and 


controller-in-charge; 
(iii)ASCil 
carriage 
return (ODH) 


as the 
EOS identifier; 
(iv) EOT sent 
with 
the 
last 


character; 
and, (v) an external 
buffer 
(8282) used to 


monitor 
the TCI line. 


Initialization. 
In order 
to send a command 
across 


the GPIB, the 8292 has to drive ATN, and the 8291A 
has to drive the data lines. Both 
devices 
therefore 


need initialization. 


To initialize 
the 8292: 


1. Pulse the RESET input. The 8292 will initially drive 


all outputs 
high. TCI, SPI, OBFI, IBFI and CLTH 


will then 
go low. The Interrupt 
Status, 
Interrupt 


Mask, Error Flag, E-rror Mask and Timeout 
regis- 
ters will be cleared. The interrupt 
counter 
will be 


disabled 
and loaded-with 
255. The 8292 will then 


monitor 
the status 
of the SYC pin. 
If high, 
the 


8292 will pulse IFC true forat 
least 100l-'s in com- 


pliance 
with 
the IEEE-488-1978 
standard. 
It will 


then take control 
by asserting 
ATN. 


To initialize 
the 8291 A, the following 
is necessary: 


1. Write OOHto Interrupt 
Enable 
registers 
1 and 2. 


This disables 
interrupt 
and DMA. 


inter 


2. With 
the 8292 as the 
controller-in-charge, 
it is 


impossible 
to address 
the 
8292 via the 
GPIB. 


Therefore, 
the ton or Ion modes of the 8291 A must 


be used. To send comands, 
set the 8291A in the 


ton 
mode 
by writing 
80H to the Address 
Mode 


Register. 


3. Write 26H to the Auxiliary 
Mode Register to match 


theT1 data settling timeto 
the 6 MHz clock input. 


4. Write an ASCII carriage 
return 
(ODH) to the EOS 


Register. 


5. Write 84H to the Auxiliary 
Mode Register 
in order 


to enable 
"Output 
EOI on EOS sent" 
and thus 


send EOI with the last character. 


6. Write OOH~lmmediate 
Execute pon-to 
theAux- 
iliary Mode Register 
to put the 8291A in the idle 


state. 


Communication. 
Since 
the 
8291A 
is in the 
ton 


mode, a BO interrupt 
is generated 
as soon as the 


immediate 
Execute 
pon command 
is written. 
The 


CPU writes the command 
into the Data Out Register, 
and 
repeats 
it on 80 
becoming 
true 
for as many 


commands 
as necessary. ATN remains continuously 


true unless the GTSB (Go To Standby) 
command 
is 
sent to the 8292. 


ATN has to be false in order to send data rather than 
commands 
from the controller. 
To do this, the follow- 
ing steps are needed: 


1. Enable the TCI interrupt 
if not already 
enabled. 


2. Wait f9r IBF (Input 
Buffer 
Full) in the 8292 Inter- 


rupt Status 
Register 
to be reset. 


3. Write the GTSB (F6H) command 
to the 8292 Com- 


mand Field Register. 


4. Read the 8282 and wait for TCI to be true. 


5. Write the ton (80H) and pon (OOH) command 
to 


the 8291A Address 
Mode Register 
and Auxiliary 


Mo~e Registe~s respectively. 


6. Wait for the B0 interrupt 
to be set in the 8291A. 


7. Write the data to the 8291A Data-Out 
/1egister. 


Identically, 
the user could 
command 
the controller 


to listen rather 
than talk. To do that, write 
Ion (40H) 


instead of ton into the Address Mode Register. Then 
wait for BI rather than BO to go true. Read the data 
Register. 


inter 


Ambient 
Temperature 
Under 
~ias 
O"C to 70"C 
Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on Any Pin 


With 
Respect 
to Ground 
-0.5V 
to +7V 


Power 
Dissipation 
0.65 Watts 


"NOTICE: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Max· 
imum 
Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress 
rating 
only 
and 
functional 
operation 
of 
the 


device at these or any other 
conditions 
above those indicated 
in the operational 
sections 
of this specification·is 
not implied. 


Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 


periods 
may affec! 
device 
reliability. 


Symbol 
Parameter 
1\llIn. 
Max. 
Unit 
Test 
Conditions 


VIL 
Input 
Low Voltage 
-0.5 
0.8 
V 


VIH 
Input 
High 
Voltage 
2 
Vee+0.5 
V 


VOL 
Output 
Low 
Voltage 
, 
0.45 
V 
IOL=2mA 
14mA for TR1 pin) 


VOH 
Output 
High 
Voltage 
2.4 
V 
IOH = -400I'A 
1-150I'A 
for SRQ pin) 


VOH-INT 
Interrupt 
Output 
High 
Voltage 
2.4 
V 
IOH=-400I'A 


3.5 
V 
IOH=-5OI'A 


IlL 
Input 
Leakage 
10 
I'A 
VIN=OV to Vee 


ILOL 
Output 
Leakage 
Current 
-10 
I'A 
VouT=0.45V 


ILOH 
Output 
Leakage 
Current 
10 
I'A 
VouT=Vee 


Ice 
Vee Supply 
Current 
120 
mA 
TA=O°C 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAR 
Address 
Stable 
Before 
READ 
0 
nsec 


tRA 
Address 
Hold 
After 
READ 
0 
nsec 


tRR 
READ 
width 
140 
nsec 


tAD 
Address 
Stable 
to Data Valid 
250 
nsec 


tRO 
READ 
to Data Valid 
100 
nsec 


tROF 
Data 
Float 
After 
I'1"EAL> 
0 
60 
nsec 


tAW 
Address 
Stable 
Before 
WRITE 
0 
nsec 


tWA 
Address 
Hold 
After 
WRITE 
0 


tww 
WRITE 
Width 
170 
nsec 


tow 
Data Set Up Time 
to the Trailing 


Edge 
of WRITE 
130 
nsec 


two 
Data 
Hold 
Time 
After 
WRITE 
0 
nsec 


tOKOR4 
RD! 
or WR! 
to DREQ! 
130 
nsec 


tOKOA6 
RD! to Valid Data 
200 
nsec 
DACK! 
to FID! 0 ,,;;t ,,;;50nsec 
(00-07) 


-I·~---'RR 


'AD 


CREQ 
.11 


inter 


2.'=X 
x= 


2.0 
2.0 


0.8> TEST 
POINTS < 0.8 


0.'5 
---------- 


DEVICE 
UNDER 
TEST 
rCL:150PF 


A.G. TESTING: 
INPUTS 
ARE DRIVEN 
AT 2.4V FOR A LOGIC "1" ANDO.45V 
FOR 


A LOGIC 
"0:' TIMING 
MEASUREMENTS 
ARE MADE 
AT 2.0V FOR A LOGIC "1" 


AND O.8V FOR A LOGIC 
"0:' 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


TEOT13' 
EOI1.toTR1t 
135 
nsec 
PPSS, ATN=0.45V 


TEOD16 
W1. to DIO Valid 
155 
nsec 
PPSS, ATN=0.45V 


TEOT12 
EOlttoTRn 
155 
nsec 
PPSS, ATN=0.45V 


TATND4 
ATN1.to NDACJ. 
155 
nsec 
TACS, AIDS 


TATT14 
ATN1.to TR1J, 
155 
nsec 
TACS, AIDS 


TATT24 
ATN1.toTR21. 
155 
nsec 
TACS, AIDS 


TDVND3-C 
DAV1.to NDAct 
650 
nsec 
AH,CACS 


TNDDV1 
NDAct to DAVt 
350 
nsec 
SH,STRS 


TNRDR1 
NRFDt to DREQt 
400 
nsec 
SH 


TDVDR3 
DAV1.to DREQt 
600 
nsec 
AH, LACS, ATN=2.4V 


TDVND2-C 
DAVt to NDAC1. 
350 
nsec 
AH,LACS 


TDVNR1-C 
DAVt to NRFDt 
350 
nsec 
AH, LACS, rdy=True 


TRDNR3 
RD1.to NRFDt 
500 
nsec 
AH, LACS 


TWRD15 
WRt to DIO Valid 
280 
nsec 
SH, TACS, RS=O.4V 


TWRE05 
WRt to EOI Valid 
350 
nsec 
SH, TACS 


TWRDV2 
WRt to DAV1. 
830 + tSyNe 
nsec 
High Speed Transfers Enabled, 
N, = fe, tSyNe= 1/2·fe 


NOTES: 
1. All GPIBtimings are at the pins of the 8291A. 
2. The last number in the symbol for any GPIBtiming parameter is chosen according to the transition directions of the reference 


signals.The following table describes the numbering scheme. 


tto 
t 
1 


tto 
t 
2 


tto 
t 
3 


tto 
t 
4 


t to VALID 
5 


t to VALID 
6 


Figure 
A-1 presents 
the 
interface 
function 
state 


diagrams. 
It is derived 
from 
IEEE Std. 
stale 
dia- 
grams, with the following 
changes: 


A. The8291A 
supports 
the complete 
set of IEEE-488 


interface 
functions 
except 
for the controller. 
These 
include: 
SH1, AH1, T5, TE5, L3, LE3, SR1, RL 1, PP1, 


DC1, DT1, and CO. 


B. 
Addressing 
modes 
included 
in 
T,L. 
state 
diagrams. 


Note that in Mode 3, MSA, OSA are generated 
only 
after secondary 
address validity 
check by the micro- 
processor 
(APT interrupt). 


C. In these modified 
state diagrams, 
the IEEE-488- 
1978 convention 
of 
negative 
(low 
true) 
logic 
is 
followed. 
This should 
not be confused 
with the Intel 


pin- and signal-naming 
convention 
based on posi- 
tive logic. Thus, while the state diagrams 
below car- 
ry low true logic, the signals 
described 
elsewhere 
in 
this data sheet are consistent 
with Intel notation 
and 
are based on positive 
logic. 


Convention 


Level 
Logic 
IEEE-488 
Intel 


0 
T 
DAV 
DAV 


1 
F 
DAV 
DAV 


0 
T 
NDAC 
NDAC 


1 
F 
NDAC 
NDAC 


O' 
T 
NRFD 
NRFD 


1 
F 
NRFD 
NRFD 


Consider 
the 
condition 
when 
the 
Not-Ready-For- 


Data signal 
(pin 
37) is active. 
Intel 
indicates 
this 


active low signal with the symbol 
NRFD (VOUTSVOL 
for 


AH; V'NSV'Lfor SH). The IEEE-488-1978 
Standard, 
in 


its state diagrams, 
indicates 
the active state of this 
signal 
(True condition) 
with 
NRFD. 


D. All remote multiline 
messages decoded 
are con- 


ditioned 
by ACDS. The multiplication 
by ACDS is not 
drawn 
to simplify 
the diagrams. 


E. The symbol 


1. When event X occurs, the function 
returns to 


state S. 


2. X overrides 
any other transition 
condition 
in 
the function. 


Statement 
2 simplifies 
the 
diagram, 
avoiding 
the 
explicit 
use of X to condition 
all transitions 
from S to 
other states. 


r----' 
I 
I 


ISH 
I 
I 
I 
L 
...J 


inter 


r-----, 


N"RFi5 
A H 
: 


I 
I 
L 
J 


-THIS 
TRANSITION 
WILL 
NEVER 
OCCUR 
UNDER 
NORMAL 
OPERATION. 


tTOElAV 
IS ABOUT 
300 NS 


FOR DEBOUNCING 
DAV. 


F2 = ATN 
+ LACS + LAOS 


F3:ATN+rdy 


T3' = T3 • CPT· 
APT 


r-----, 
I 
I 


I 
TEl 
I 
I 
L 
J 


STB 
AND 
RQS AVAILABLE 
TO $H 


r-----' 


I 
SRQ 
I 
I 
I 
L 
J 


r-----, 
I 
I 
I 
lEI 


I 
I 


L 
J 
r----' 
I 
I 


I 
R L 
I 
I 
I 


L 
J 


r-----, 
I 
I 


I 
P P 2 
I 
I 
I 
L 
J 


r----' 
I 
I 
I 
DC 
I 


I 
I 
L 
.J 


r----' 
I 
I 


I 
DT 
I 
I 
I 
l 
..J 


Time Value 
Identifier' 
Function (Applies to) 
Description 
Value 


T, 
SH 
Settling 
Time 
for 
Multiline 
Messages 
;e:2,..S2 


t2 
LC,iC,SH,AH,T,L 
Response 
to ATN 
:S 200ns 


T3 
AH 
Interface 
Message 
Accept 
Time' 
> O' 


t4 
T,TE,L,LE,C,CE 
Response 
to IFC or REN 
False 
< 100,..s 


ts 
PP 
Response 
to 
ATN+EOI 
:S 200ns 


Te 
C 
Parallel 
Poll 
Execution 
Time 
;e:2,..s 


T7 
C 
Controller 
Delay 
to Allow 
Current 
Talker 
;e:500 ns 
to see ATN 
Message 


Ta 
C 
Length 
of IFC or REN False 
> 100,..s 


Tg 
C 
Delay for EOl5 
;e: 1.5,..s· 


NOTES: 
'Time values specified by a lower case t indicate the maximum time allowed to make a state transition. 
Time values specified by an 
upper case T indicate the minimum time that a function 
must remain in a state before exiting. 


21fthree-state drivers are used on the 010, DAV,and EOllines, 
T, may be: 


1. 
2: 1100 ns. 


2. Or 2: 700 ns if it is known that within the controller 
ATN is driven by a three-state driver. 


3. Or 2: SOOnsfor all subsequent bytes following 
the first sent after each false transition 
of ATN (the first by1emust be sent in accord- 


ance with (1) or (2). 


4. Or 2: 350ns for all subsequent bytes following 
the first sent after each false transition 
of ATN under conditions 
specified in Section 
5.2.3 and warning 
note. See IEEE Standard 488. 


'Time required for interface functions 
to accept, not necessarily respond to intertace messages. 


'Implementation 
dependent. 


5Delay required for EOI, NDAC, and NRFD signal lines to indicate valid states. 


'2: 600 ns for three-state drivers. 


APPENDIX C 
THE THREE-WIRE HANDSHAKE 


8292 
GPIB CONTROLLER 


• 
Complete IEEE Standard 488 Controller 
Function 


• 
Interface Clear (IFC) Sending Capability 
Allows Seizure of Bus Control and/or 
Initialization 
of the Bus 


• 
Responds to Service Requests (SRQ) 


• 
Sends Remote Enable (REN), Allowing 
Instruments 
to Switch to Remote 
Control 


• 
Complete 
Implementation 
of Transfer 


Control Protocol 


• 
Synchronous Control Seizure Prevents 
the Destruction of Any Data 
Transmission In Progress 


• 
Connects with the 8291 to Form a 
Complete 
IEEE Standard 488 Interface 


Talker/Listener/Controller 


The 8292 GPIB Controller 
is a microprocessor-controlled 
chip designed to function 
with the 8291 GPIB Talker/Listener 
to implement 
the full IEEE Standard 
488 controller 
function, 
including 
transfer 
control 
protocol. 
The 8292 is a pre- 


programmed 
Intel~ 8041A. 


r--- -- .• 
II 
DMA 
I CONTROLLER I 
I 
(OPTIONAL) I 
L 
I 


8291 
GPIB 
TALKERI 
LISTENER 


8292 
GPIB 
CONTROLLER 


IFCL 
vcc 


X, 
COUNT 


X2 
REN 


RESET 
OAV 


VCC 
IBFI 


Cs 
OBFI 


GND 
EOI 


1m 
SPI 


All 
TCI 


WR 
CIC 


SYNC 
NC 


Do 
ATNO 


01 
NC 


02 
CLTH 


03 
VCC 


04 
NC 


05 
SYC 


De 
IFC 


07 
AfNi 


vss 
SRQ 


Pin 
Symbol 
No. 
Type 
Name and Function 


IFCL 
1 
I 
IFC Received (Latched): 
The 8292 
monitors 
the IFC Line (when not 
system controller) through this pin. 


X" X2 
2,3 
I 
Crystallnput8: 
Inputs for a crystal, 


LC or an external timing signal to 
determine 
the 
internal 
oscillator 
frequency. 


RESET 
4 
I 
Reset: 
Used to initialize the chip to 
a known state during power on. 


CS 
6 
I 
Chip Select 
Input: 
Used to select 


the 8292 from other devices on the 
common data bus. 


RD 
8 
I 
Read Enable: 
Allows 
the master 
CPU to read from the 8292. 


Ao 
9 
I 
Address 
Line: 
Used to select be- 


tween the data bus and the status 
register during read operations and 
to distinguish 
between 
data and 


commands 
written 
into 
the 8292 
during write operations. , 


WR 
10 
I 
Write 
Enable: 
Allows 
the master 


CPU to write to the 8292. 


SYNC 
11 
0 
Sync: 8041A instruction 
cycle syn- 
chronization 
signal; it is an output 


clock with a frequency 
of XTAL ..- 


15. 


Do-~ 
12-19 
I/O 
Data: 8 bidirectional 
lines used for 
communication 
between the cen- 
tral processor and the 8292's data 
bus buffers and status register. 


Vss 
7.20 
P.S. 
Ground: 
Circuit ground potential. 


SRQ 
21 
I 
Service Request: 
One of the IEEE 


control 
lines. Sampled by the 8292 
when it is controller 
in charge. 
If 
true, SPI interrupt to the master will 
be generated. 


ATNI 
22 
I 
Attention 
In: U~ed by the 8292 to 
monitor the GPIB ATNcontrol line. It 
is used during the transfer control 
procedure. 


IFC 
23 
I/O 
Interface 
Clear: 
One of the GPIB 
management 
lines, as defined 
by 
IEEE Std. 488:1978, places all de- 
vice~ in a known quiescent state. 


SYC 
24 
I 
System 
Conroller: 
Monitors 
the 
system controller 
switch. 


CLTH 
27 
0 
Clear Latch: 
Used to clear the IFCR 
latch after being recognized bll the 
8292. 
l,)sually 
low 
(except 
after 


hardware 
R~, 
it will be pulsed 


high when IFCR is recognized 
by 
the 8292. 


ATNO 
29 
0 
Attention 
Out: 
Controls 
the ATN 
contror line of the bus through ex- 
ternal logic for tcs and tca proce- 
dures. (ATNis a GPIB control line, as 
defined by IEEE Std. 488-1978.) 


Pin 
Symbol 
No. 
Type 
Name and Function 


Vcc 
5,26,40 
P.S. 
Yolt/lge: 
+5V supply input ±10"lo. 


COUNT 
39 
I 
Event Count: 
When enabled by the 


proper 
command 
the 
internal 


counter 
will count external events 


through this pin. High to low transi- 
tion 
will 
increment 
the 
internal 


counter by one. The pin is sampled 
once per three internal instruction 
cycles 
(7.5/"sec 
sample 
period 


when using 5 MHz XTAL). It can be 
used for byte counting 
when con- 


nected to NDAC, orfor 
block count- 
ing when connected to the EOI. 


REN 
38 
0 
Remote Enabla: 
The Remote En- 


able bus signal selects remote or 
local control 
of the device on the 


bus. A GPIB bus management line, 
as defined by IEEE Std. 488-1978. 


DAV 
37 
I/O 
Data valid: 
""sed during 
parallel 


poll to force the 8291 to accept the 
parallel 
poll status bits. It is also 


used during the tcs procedure. 


IBFI 
36 
0 
Input 
Buffer 
Not 
Full: 
Used to 


interrupt 
the 
central 
processor 


while the input buffer of the 8292 is 
empty. This feature is enabled and 
disabled 
by the 
interrupt 
mask 


register. 


OBFI 
35 
0 
Output 
Buffer 
Full: 
Used as an 


interrupt 
to the central 
processor 


while the output buffer of the 8292 is 
full. The feature can be enabled and 
disabled 
by the 
interrupt 
mask 


register. 


E012 
34 
I/O 
End Or Identify: 
One of the GPIB 


management 
"nes, 
as defined 
by 


, 
IEEE Std. 488-1978. Used.with ATN 
as Identify Message during parallel 
poll. 


SPI 
33 
0 
Special Interrupt: 
Used as an inter- 
rupt on events not initiated 
by the 


central processor. 


TCI 
32 
0 
Task Complete Interrupt: 
Interrupt 


to the control processor used to in- 


._.1 
dicate that the task requested was 
completed 
by the 8292 and the in- 


formation 
requested is ready in the 


data bus buffer. 


CIC 
31 
0 
Controller 
In Charge: 
Controls the 


SIR input 
of the SRQ bus trans- 


ceiver. It can also be used to indi- 
cate that the 8292 is in charge of the 
GPIB bus. 


1 


-- 


The 8292 can be configured to interrupt the microproc- 
essor on one of several conditions. 
Upon receipt of the 
interrupt 
the 
microprocessor 
must 
read 
the 
8292 
interrupt 
status 
register 
to 
determine 
which 
event 


caused the interrupt, and then the appropriate subrou- 
tine can be performed. The interrupt 
status register is 


read with Ao high. With the exception of OBF and IBF, 
these 
interrupts 
are enabled or disabled 
by the SPI 


interrupt mask. OBF and IBF have their own bits in the 
interrupt mask (OBFI and IBFI). 


OBF 
Output Buffer Full. A byte is waiting to be read by 
the microprocessor. This flag is cleared when the 
output data bus buffer is read. 


IBF 
Input Buffer Full. The byte previously written by 
the microprocessor 
has not been read yet by the 


8292. If another byte is written to the 8292 before 
this flag clears, data will be lost. IBF is cleared 
when the 8292 reads the data byte. 


IFCR 
Interface 
Clear 
Received. 
The 
GPIB 
system 


controller has set IFC. The 8292 has become idle 
and is no longer in charge of the bus. The flag is 
cleared when the lACK command is issued. 
Event Counter Interrupt. The requested number 
of blocks or data bytes has been transferred. The 
EV 
interrupt 
flag 
is 
cleared 
by 
the 
lACK 


command. 


SRQ 
Service Request. Notifies the 8292 that a service 
request (SRQ) message has been received. It is 
cleared by the lACK command. 


ERR 
Error occurred. The type of error can be deter- 
mined by reading the error status register. This 
interrupt flag is cleared by the lACK command. 


The internal 
RAM in the 8041A is used as a special 
SYC 
System Controller 
Switch Change. Notifies 
the 
purpose 
register 
bank for the 8292. Most 
of 
these 
processor that the state of the system controller 
registers (except for the interrupt flag) can be accessed 
switch 
has changed. The actual 
state 
is con- 
through 
commands to the 8292. Table 2 identifies the 
tained in the GPIB Status Register. This flag is 
registers used by the 8292 and how they are accessed. 
cleared by the lACK command. 


Table 2. 8292 Registers 


inter . 


The 8292 is an Intel 8041A which has been programmed 
as a GPIB Controller interface element. It is used with 
the 8291 GPIB TalkerlListener and two 8293 GPIB Trans- 
ceivers to form a complete IEEE-488 Bus Interface for a 
microprocessor. The electrical interface is performed by 
the transceivers, 
data transfer 
is done by the talkerl 


listener, and control 
of the bus is done by the 8292. 
Figure 3 is a typical 
controller 
interface 
using Intel:s 


GPIB peripherals. 


TO 


PROCESSOR 


BUS 


TO 
PROCESSOR 
BUS 


The Interrupt Mask Register is used to enable features 
and to mask the SPI and TCI interrupts. The flags in the 
Interrupt 
Status 
Register 
will 
be active 
even when 


masked 
out. The Interrupt 
Mask Register 
Is written 


when Ao Is low and reset by the RINM command. When 
the register is read, 01 and 07 are undefined. An inter- 
tupt is enabled by setting the corresponding 
register bit. 


SRQ 
Enable interrupts on SRQ received: 


IBFI 
Enable interrupts on input buffer empty. 


OBFI 
Enable interrupts on output buffer full. 


SYC 
Enable interrupts 
on a change 
in the system 
controller 
switch. 


TCI 
Enable interrupts on the task completed. 


SPI 
Enable interrupts on special events. 


NOTE: The event 
counter 
is enabled 
by the 
GSEC 


command, 
the error interrupt 
is enabled by the error 


mask register, and IFC cannot be masked (it will always 
cause an interrupt). 


07 
Do 


The Controller Status Register is used to determine the 
status 
of 
the 
controller 
function. 
This 
register 
is 


accessed by the RCST command. 


SRQ 
Service Request line active (CSRS). 


REN 
Sending Remote Enable. 


IFC 
Sending or receiving interface clear. 


SYCS System Controller 
Switch Status (SACS). 


CA 
Controller Active (CACS + CAWS + CSWS). 


CSBS Controller 
Stand-by State (CSBS, CA)= (0,0) - 
Controller 
Idle 


This register"contains 
GPIB bus status information. 
It 


can be used by the microprocessor 
to monitor 
and 


manage the bus. The GPIB Bus Register can be read 
using the RBST command. 


Each of these status bits reflect the current status of 
the corresponding 
pin on the 8292. 


SRQ 
Service Request 


ATNI 
Attention 
In 


IFC 
Interface Clear 


SYC 
System Controller 
Switch 


EOI 
End or Identify 


DAV 
Oata Valid 


REN 
Remote Enable 


I ~ 
I ~ 
I ~ 
I ~ 
I ~ 
I ~ 
I ~ 
I ~ 
I 


The Event Counter Register contains the initial value for 
the event counter. The counter can count pulses on pin 
39 of the 8292 (COUNn. It can be connected to EOI or 
NOAC to count 
blocks 
or bytes 
respectively 
during 


standby state. A count of zero equals 256. This register 
cannot 
be 
read, 
and 
is 
written 
using 
the 
WEVC 


command. 


This register 
contains 
the current 
value in the event 


counter. The event counter counts back from the initial 
value stored in the Event Counter Register to zero and 
then generates an Event Counter Interrupt. This register 
cannot 
be written 
and can 
be read using 
a REVC 


command. 


The Time Out Register is used to store the time used for 
the time out error function. 
See the individual tlmeouts 


(TOUT1, 2, 3) to determine the units of this counter. This 
Time Out Register cannot be read, and it is written with 
the WTOUT command. 


Time Out Status Register 


This register contains the current value in the time out 
counter. 
The time out 
counter 
decrements 
from the 


original 
value stored in the Time Out Register. When 


zero is reached, the appropriate 
error interrupt 
is gen- 


erated. If the register is read while none of the time out 
functions 
are active, the register will contain 
the last 


value reached the last time a function 
was active. The 


Time Out Status Register cannot be written, 
and it is 


read with the RTOUT command. 


Four errors are flagged by the 8292 with a bit in the Error 
Flag Register. Each of these errors can be masked by 
the Error Mask Register. The Error Flag Register cannot 
be written, and it is read by the lACK command when the 
error flag in the Interrupt Status Register is set. 


TOUT1 Time Out Error 1 occurs when the current con- 


troller 
has 
not 
stopped 
sending 
ATN 
after 


receiving the TCT message for the time period 
specified by the Time Out Register. Each count 
in the Time Out Register is at least 1800 tCY' 
After flagging the error, the 8292 will remain in a 
loop trying 
to take control 
until 
the current 


controller 
stops sending 
ATN or a new com- 


mand is written by the microprocessor. 
If a new 


command is written, the 8292 will return to the 
loop after executing it. 


TOUT2 Time Out Error 2 occurs when the transmission 
between the addressed talker and listener has 
not started for the time period specified by the 
Time Out Register. Each count in the Time Out 
Register is at least 45 tCY' This feature is only 
enabled when the controller 
is in the CSBS 
state. 


TOUT3 Time Out Error 3 occurs when the handshake 
signals are stuck and the 8292 is not succeed- 
ing in taking control synchronously for the time 
period specified by the Time Out Register. Each 
count in the Time Out Register is at least 1800 
tCY' The 8292 will continue checking ATNI until 
it becomes true or a new command is received. 
After performing 
the new command, the 8292 
will return to the ATNI checking loop. 


USER 
User error occurs when request to assert IFC or 
REN was received and the 8292 was not the 
system controller. 


The Error Mask Register is used to mask the interrupt 
from a particular type of error. Each type of error inter- 
rupt is enabled by setting the corresponding 
bit in the 


Error Mask Register. This register can be read with the 
RERM command and written with Ao low. 


Commands are performed by the 8292 whenever a byte 
is written 
with 
Ao high. There are two categories 
of 


commands distinguished 
by the OP bit (bit 4). The first 


category 
is the 
operation 
command 
(OP= 1). These 


commands 
initiate 
some action on the interface 
bus. 
The second category is the util ity commands (OP= 0). 
These commands are used to aid the communication 
between the processor and the 8292. 


Operation commands initiate some action on the GPIB 
interface 
bus. It is using these 
commands 
that 
the 


control 
functions 
such as polling, taking and passing 


control, and system controller functions are performed. 
A TCI interrupt 
is generated upon successful 
comple- 


tion of each of these functions. 


FO - 
SPCNI - 
Stop Counter Interrupts 


This command disables the internal counter interrupt so 
that the 8292 will stop interrupting 
the master on event 


counter underflows. However, the counter will continue 
counting and its contents can still be used. 


F1 - 
GIDL - 
Go To Idle 


This command 
is used during the transfer 
of control 


procedure 
while 
transferring 
control 
to another 
con- 


troller. The 8292 will respond to this command only if it 
is in the active state. ATNO will go high, and CIC will be 
high so that this 8292 will no longer be driving the ATN 
line on the GPIB interface bus. 


F2 - 
RST - 
Reset 


This command 
has the same effect 
as asserting 
the 


external reset on the 8292. For details, refer to the reset 
procedure described later. 


F3 - 
RSTI - 
Reset Interrupts 


This command resets any pending interrupts and clears 
the error flags. The 8292 will not return to any loop it was 
in (such as from the time out interrupts). 


F4 - 
GSEC - 
Go To Standby, Enable Counting 


The function 
causes ATNO to go high and the counter 


will be enabled. If the 8292 was not the active controller, 
this command will exit immediately. 
If the 8292 is the 


active controller, 
the counter will 
be loaded with the 


value stored 
in the Event Counter 
Register, and the 


internal 
interrupt 
will 
be enabled 
so that 
when the 


counter 
reaches zero, the SPI interrupt 
will be gener- 


ated. SPI will be generated every 256 counts thereafter 
until the controller exits the standby state or the SPCNI 
command is written. An initial count of 256 (zero in the 
Event Counter 
Register) 
will 
be used if 
the WEVC 


command is not executed. If the data transmission does 
not start, a TOUT2 error will be generated. 


F5 - 
EXPP - 
Execute Parallel Poll 


This command initiates a parallel poll by asserting ATN 
and 
EOI (IDY message) 
true. 
The 8291 should 
be 


previously configured 
as a listener. Upon detection 
of 


DAV true, the 8291 enters ACDS and latches the parallel 
poll response (PPR) byte into its data in register. The 
master will be interrupted by the 8291 BI interrupt when 
the PPR byte is available. No interrupts except the IBFI 
will be generated by the 8292. The 8292 will respond to 
this command only when it is the active controller. 


F6 - 
GTSB - 
Go To Standby 


If the 8292 is the active controller, 
ATNO will go high 


then TCI will be generated. If the data transmission 
does 


not start, a TOUT2 error will be generated. 


F7 - 
SLOC - 
Set Local Mode 


If the 8292 is the system controller, 
then REN will be 


asserted 
false for at least 100 !,sec. If it is not thE' 


system contrOller, the User Error bit will be set in the 
Error Flag Register. 


Fa - 
SREM - 
Set Interface To Remote Control 


This command 
will 
set REN true if this 8292 is the 


system controller. If not, the User Error bit will be set in 
the Error Flag Register. 


F9 - 
ABORT - 
Abort All Operation, Clear Interface 


This command will cause IFC to be asserted true for at 
least 100"sec if this 8292 is the system controller. If it is 
in CIDS, it will take control over the bus (see the TCNTR 
command). 


FA - 
TCNTR - 
Take Control 


The transfer of control procedure is coordinated by the 
master 
with 
the 8291 and 8292. When the 
master 


receives a TCT message from the 8291, it should issue 
the TCNTR command to the 8292. The following events 
occur to take control: 


1. The 8292 checks to see if it is in CIDS, and if not, it 


exits. 


2. Then ATNI is checked until it becomes high. If the 


current controller does not release ATN for the time 
specified 
by the Time Out Register, then a TOUT1 


error is generated. The 8292 will return to this loop 
after an error or any command except the RST and 
RSTI commands. 


3. After the current controller 
releases ATN, the 8292 


will assert ATNO and CIC low. 


4. Finally, the TCI interrupt is generated to inform the 


master that it is in control of the bus. 


FC - 
TCASY - 
Take Control Asynchronously 


TCAS transfers the 8292 from CSBS to CACS indepen· 
dent of the handshake lines. If a bus hangup is detected 
(by an error flag), this command will force the 8292 to 
take control (asserting ATN) even if the AH function is 
not in ANRS (Acceptor Not Ready State). This command 
should be used very carefully since it may cause the 
loss of a data byte. Normally, control should be taken 
synchronously. 
After checking the controller 
function 


for being in the CSBS (else it will exit immediately), 
ATNO will go low, and a TCI interrupt will be generated. 


FD - 
TCSY - 
Take Control Synchronously 


There are two different procedures used to transfer the 
8292 from CSBS to CACS depending on the state of the 
8291 in the system. If the 8291 is in "continuous 
AH 


cycling" 
mode 
(Aux. 
Reg. 
AO= A1= 1), 
then 
the 


following 
procedure should be followed: 


1. The master microprocessor stops the continuous AH 


cycling mode in the 8291; 
2. The 
master 
reads 
the 
8291 
Interrupt 
Status 
1 


Register; 
3. If the END bit is set, the master sends the TCSY 


command to the 8292; 
4. If the END bit was not set, the master reads the 8291 


Data In Register 
and then 
waits 
for 
another 
BI 


interrupt from the 8291. When it occurs, the master 
sends the 8292 the TCSY command. 


If the 8291 is not in AH cycling mode, then the master 
just waits for a BI interrupt and then sends the TCSY 
command. After the TCSY command has been issued, 
the 8292 checks for CSBS. If CSBS, then it exits the 
routine. Otherwise, it then checks the DAV bit in the 
GPIB status. When DAV becomes false, the 8292 will 


wait for at least 1.5 "sec. (T10) and then ATNO will go 
low 
If DAV does not go low, a TOUT3 error will 
be 


generated. 


FE - 
STCNI - 
Start Counter Interrupts 


This command enables the internal counter interrupt. 
The counter is enabled by the GSEC command. 


All these commands are either Read or Write to regis· 
ters in the 8292. Upon completion of Read commands, 
the TCI (Task Completed Interrupt) will be generated. 
Note that writing to the Error Mask Register and the 
Interrupt Mask Register are done directly. 


E1 - 
WTOUT - 
Write To Time Out Register 


The byte written 
to the data bus buffer (with Ao= 0) 


following 
this command will determine the time used 


for the time out function. Since this function is imple· 
mented in software, this will not be an accurate time 
measurement. This feature is enable or disable by the 
Error Mask Register. No interrupts except for the IBFI 
will be generated upon completion. 


E2 - 
WEVC - 
Write To Event Counter 


The byte written 
to the data bus buffer (with Ao= 0) 


following 
this command will be loaded into the Event 


Counter Register and the Event Counter Status for byte 
counting 
or 
EOI counting. 
Only 
IBFI 
will 
indicate 


completion of this command. 


E3 - 
REVC - 
Read Event Counter Status 


This 
command 
transfers 
the contents 
of the Event 


Counter into the data bus buffer. A TCI is generated 
when the data is available in the data bus buffer. 


E4 - 
RERF - 
Read Error Flag Register 


This command transfers the contents of the Error Flag 
Register into the data bus buffer. A TCI is generated 
when the data is available. 


E5 - 
RINM - 
Read Interrupt Mask Register 


This command transfers the contents of the Interrupt 
Mask Register into the data bus buffer. This register is 
available to the processor so that it .does not need to 
store this information 
elsewhere. A TCI is generated 


when the data is available in the data bus buffer. 


E6 - 
RCST - 
Read Controller Status Register 


This command transfers the contents of the Controller 
Status Register into the data bus buffer and a TCI inter· 
rupt is generated. 


E7 - 
RBST - 
Read GPIB Bus Status Register 


This command transfers the contents of the GPIB Bus 
Status 
Register into the data bus buffer, and a TCI 


interrupt is generated when the data is available. 


inter 


E9 - 
RTOUT - 
Read Time Out Status Register 


This command transfers the contents 
of the Time Out 
Status 
Register 
into the data bus buffer, 
and a TCI 


interrupt 
is generated when the data is available. 


EA - 
RERM - 
Read Error Mask Register 


This command transfers the contents of the Error Mask 
Register to the data bus buffer so that the processor 
does not need to store this information elsewhere. A TCI 
interrupt is generated when the data is available. 


Each named bit in an Interrupt 
Acknowledge 
(lACK) 
corresponds 
to a flag in the Interrupt Status Register. 


When the 8292 receives this command, it will clear the 
SPI and the corresponding 
bits in the Interrupt Status 
Register. If not all the bits were cleared, then the SPI will 
be set true again. If the error flag is not acknowledged 
by the lACK command, then the Error Flag Register will 
be transferred 
to the data bus buffer, and a TCI will be 
generated. 


NOTE: XXXX1X11 is an undefined 
operation 
or utility 
command, 
so 
no conflict 
exists 
between 
the 
lACK 
operation and utility commands. 


8292 To Master Processor Interface 


Communication 
between 
the 
8292 and 
the 
Master 
Processor can be either interrupt based communication 
or based upon polling 
the interrupt 
status 
register 
in 
predetermined 
intervals. 


Interrupt 
Based Communication 


Four different 
interrupts 
are available from the 8292: 


OBFI 
Output Buffer Full Interrupt 
IBFI 
Input Buffer Not Full Interrupt 
TCI 
Task Completed Interrupt 
SPI 
Special Interrupt 


Each of the interrupts 
is enabled or disabled by a bit in 


the interrupt 
mask register. 
Since OBFI and IBFI are 
directly connected to the OBF and IBF flags, the master 
can write a new command to the input data bus buffer 
as soon as the previous command has been read. 


The TCI interrupt 
is useful when the master is sending 
commands to the 8292. The pending TCI will be cleared 
with each new command written to the 8292.Commands 
sent to the 8292 can be divided into two major groups: 


1. Commands that require response back from the 8292 
to the master, e.g., reading register. 


2. Commands 
that 
initiate 
some 
action 
or 
enable 
features but do not require response back from the 
8292, e.g., enable data bus buffer interrupts. 


With the first group, the TCI interrupt 
will be used to 


indicate that the required response is ready in the data 
bus buffer and the master may continue 
and read it. 


With the second group, the interrupt 
will 
be used to 


indicate 
completion 
of the required task, so that the 


master may send new commands. 


The SPI should be used when immediate information 
or 


special 
events 
is required 
(see the 
Interrupt 
Statu's 


Register). 


"Polling 
Status" 
Based Communication 


When interrupt based communication 
is not desired, all 


interrupts can be masked by the interrupt mask register. 
The 
communication 
with 
the 
8292 
is 
based 
upon 


sequential 
poll 
of 
the 
interrupt 
status 
register. 
By 


testing 
the OBF and IBF flags, the data bus buffer 


status 
is determined 
while 
special 
events are deter- 


mined by testing the other bits. 


Receiving IFC 


The IFC pulse defined by the IEEE-488 standard 
is at 


least 100 fisec. In this time, all operation 
on the bus 


should be aborted. Most important, the current control- 
ler (the one that is in charge at that time) should stop 
sending ATN or EOI. Thus, IFC must externally gate CIC 
(controller 
in charge) and ATNO to ensure that 
this 


occurs. 


Reset and Power Up Procedure 


After the 8292 has been reset either by the external reset 
pin, the device being powered on, or a RST command, 
the following 
sequential events will take place: 


1. All outputs to the GPIB interface will go high (SRO', 


ATNI, IFC, SYC, CLTH, ATNO, CIC, TCI, SPI, EOI, 
OBFI, m, DAV, ~. 
2. The four interrupt outputs (TCI, SPI, OBFI, IBFI) and 


CLTH output will go low. 


3. The following 
registers will be cleared: 


Interrupt Status 
Interrupt Mask 
Error Flag 
Error Mask 
Time Out 
Event Counter (= 256), Counter is disabled. 


4. If the 
8292 is the 
system 
controller, 
an ABORT 


command will be executed, the 8292 will become the 
controller 
in charge, and it will enter the CACS state. 


If it is not the system controller, 
it will 
remain in 


CIDS. 


System Configuration 


The 8291 and 8292 must be interfaced 
to an IEEE-488 


bus meeting a variety of specifications 
including 
drive 


capability 
and loading characteristics. 
To interface the 


8291 and the 8292 without 
the 8293's, several external 


gates are required, using a configuration 
similar to that 


used in Figure 5. 


EOI 
NOTE 
1 


3. 
EOI 


TiR2 
I 


I 
f4.7K 
ArN 
! 
3b 
ATN 


REN 
i 
NOTE 
2 (j 
BUS 
I 
-=- 
PROCESSOR 
! 
TERRUPT 
WR Rii 
RST CLK 
ADD 
DATA 
DMA 
NDAC 
3e 
NDA 


~ 


8291 
- 
t 


IFC 
-=- 


DREQ 
NRFD 
3d 
NRF 


DACK 
TIIf, 
•.. 


DATA 
•..... 
-=- 


, 0ii5 
., 
.. 
- 
RSo 
)I 
4S IDIO 
'( 
•..... 


~ 
- 
RS, 
t..I 


~4'7~ 
. 


DAV 
- 
RS, 
I 
~A 
I 
'-- - 
CLOCK 


~ 
- 
RESET 


~ 


STDAV 
- 
Rii 
- 
WR 
. 


INT 
SRQ 
-- 
cs 
"\7 
~ 


ATN 
L. 
2. 


- 
.L~ 
- 
-=- 
- 
CLTH 


DATA 
ATNO 


"""" 
. 
---L/ 
"""'4 


, 
"" 
CiC 
cs. 
..-u 
~ 


H 
Rii 


! 


WR 
SPI 


RESET 


EOl2 
ld 
EOI 


8292 


ATNI 
-t>- 


~ 


X, 


IFC 
,. 
IFC 
T 
SYC 
± 


X, 


OBFI 
1M 


IBFI 


DAV 


REN 
tw; 
NOTES; 
EA 


1. 
CONNECT 
TO NDAC 
FOR 
~ 
BYTE 
COUNT 
OR TO EOI 
SRQ 


FOR 
BLOCK 
COUNT. 
Ie 
SRQ 


2. 
GATE 
ENSURES 
OPEN 
T 
COUNT 
- 
T, 


COLLECTOR 
OPERATION 
SS 
IFCL 
,I:- 


-=- 
DURING 
PARALLEL 
POLL. 
To 


SYSTEM 
ON 
CONTROLLER 


Figure 4. 
8291 and 8292 System 
Configuration 
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TO MICROPROCESSOR 


.E. 


DO 
28 
. 
• 
25 
0101 
010'· E- 


0101 
...!! 
0' 
0102 
29 
23 
0102 
0102' 
..!!.. 


~ 
02 
0103 
30 
'0 
0103 
0103' 
..!!.. 


'5 
I 
03 
3' 
9 
0104 
.!!... 


'6 
0104 
0104- 
04 
32 
~ 
TO 
17 
0105 
0105 
0105' 
05 
33 
.2!.. 
IEEE·488 


'8 
06 
0106 
0106 
0106' 
BUS 


'9 
07 
0107 
34 
. 


0107 
0107- 
.!!.. 


2' 
RSO 
8291 
0108 
35 
0108 
8293 
.!!.. 


OIOS- 
22 
RS' 
1 


23 
TiR' 
TiR1 
RS2 
OAV 
36 
24 
OAV 
~. 
9 
RD 
OAV' 


10 
EOI 
39 
EOI 
WR 
4 
ATN 
26 
ATN 
TO 
RESET 
6 
27 
MICROPROCESSOR 
DREG 
SRG 
7 
OACK 
24 
8 
IFC 
Cs 
NOAC 
38 
3 
CLOCK 
" 
NRFO 
37 
INT 
" 
E... VCC 
TlR2 
.-- ATNO 
OPTA 
GPIB 
~ 
~ 
~VCC 
TRIGGER 
TRIG 
REN 
IFCl 
OPTB 
OUTPUT 
MODE 
3 


; 


.E. 
.E. 
r-!- 
.. 


DO 
OAV 
TlR, 
----!! 
01 
4 
ATN 
~ 
02 
10 
NOAC 
~ 
15 
.~ 


NOAC 
03 
Ni'iffi 
NRFO ~ 
18 
04 
TfR2 
17 
05 
'8 
SRG 
2' 
SRG 
SRG' ~ 
TO 
06 
'9 
REN 
38 
REN 
.-!!- 
IEEE-488 


07 
REN' 
BUS 
9 
AO 
8292 
IFC 
23 
IFC 
8293 
~ 
8 
IFC' 


RD 
ATNO 
29 
23 
ATNO 
ATN' ~ 
'0 
WR 
..•.. 


39 
3 
~ 
•... 
4 
RESETIt 
COUNT 
EOI 
EOI' 


V 
34 
8 
Cs 
EOl2 
EOI2 


32 
ATNI 
22 
; 
'1 
ATNI 
TCI 
• 


'0I 


33 
SPI 
MICROPROCESSOR 
. 
35 
OBFI 
I' 


36 
IB'FI 


OSCILLATOR 
, 
11 
SYNC 
OUTPUT 
Vec ----! 
". 
) 
SS 
IFCL 
25 
IFCL 
~ 
X,, 
CIC 
31 
24 
CIC 
~ 
1 X,, 
27 
• 
2' 
CLTH 
f-E- Vss 
CLTH 
OPTA 


15.25PFJ 'r 
EA 
SYC 
24 
22 
SYC 
OPTB 
~Vcc 
L:r 


MOOE2 


ON 
SYSTEM 
CONTROLLER 
l.0FF 
SWITCH 


• = OPIB 
BUS TRANSCEIVER 
,= SEE 8041A 
DATA 
SHEET 
FOR 
ALTERNATE 
CRYSTAL 
CONFIGURATIONS 


It = CAN 
CONNECT 
TO SYSTEM 
RESET 
SWITCH, 


SEE 
8041A 
DATA 
SHEET 


Figure 5. 8291,8292, and 8293 System Configuration 
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Ambient Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
' 
-65°C 
to 
+ 150·C 


Voltage on Any Pin With Respect 


to Ground 
0.5V to + 7V 


Power Dissipation 
.. : 
1.5 Watt 


-NOTICE: 
Stresses above those listed under 
"Absolute 


Maximum .Ratings" may cause permanent 
damage to the 


device. This is a stress rating only and functional 
opera- 


tion of the -device at these or any other conditions 
above 


those indicated in the operational 
sections of this specifi- 


cation 
is not implied. 
Exposure 
to absolute 
maximum 


rating conditions 
for extended periods may affect device 


reliability. 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VILl 
Input Low Voltage (All Except Xl, X2, RESEl) 
-0.5 
0.8 
V 


V1L2 
Input Low Voltage (Xl, X2, RESEl) 
, 
-0.5 
0.6 
,V 


VIHl 
Input High Voltage (All Except Xl, X2' RESEl) 
2.2 
Vcc 
V 


V1H2 
Input High Voltage (Xl, X2, RESEl) 
3.8 
Vcc 
V 


VOLl 
Output 
Low Voltage (00-07) , 
0.45 
V 
IOL=2.0 mA 


VOL2 
Output 
Low Voltage (All Other Outputs) 


. 
0.45 
V 
IOL= 1.6 mA 


VOHl 
Output 
High Voltage (00-07) 
2.4 
V 
IOH= -400 
",A 


VOH2 
Output 
High Voltage (All Other Outputs) 
2.4 
V 
IOH= -50 
",A , 


IlL 
Input Leakage Current (COUNT, IFCL, RD, WR, CS, Ao) 
±10 
",A 
Vss" 
VIN" 
Vcc 


loz 
Output 
Leakage Current (00-07, High Z State) 
±10 
,.A 
Vss+ 0.45 •• VIN" Vcc 


IW 
Low Input Load Current (Pins 21-24, 27-38) 
0.5 
mA 
V'L=0.8V 


IU2 
Low Input Load Current (RESEl) 
0.2 
mA 
- VIL= 0.8V 


Icc 
Total Supply Current 
125 
mA 
Typical = 65 mA 


IIH 
Input High Leakage Current (Pins 21-24, 27-38) 
100 
/LA 
~N = VCC 


GIN 
Input Capacitance 
10 
pF 


GIIO 
I/O Capacitance 
20 
pF 


A.C. CHARACTERISl 
iCS (TA = O·G to 70·G, Vss = OV: 8292, VCC = +5V ±10%) 


DBBREAD 


Symbol 
Parameter 
I 
Min. 
Max. 
Unit 
Test Conditions 


tAR 
CS, Ao Setup to RD~ 
0 
ns 


tRA 
CS, Ao Hold After ROt 
, 
i 
0 
ns 


tRR 
RD Pulse Width 


, 


250 
ns 


tAD 
CS, Ao to Data Out Delay 
225 
ns 
CL= 150 pF 


tRO 
RD~to Data Out Delay 
I 
225 
ns 
CL= 150 pF 


tOF 
ROt to Data Float Delay 
I 
100 
ns 


tCY 
Cycle Time 
2.5 
15 
",s 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


tAW 
CS, Ao Setup to WR~ 
0 
ns 


tWA 
CS, Ao Hold After WRt 
0 
ns 


tww 
WR Pulse Width 
250 
ns 


tow 
Data Setup to WRt 
150 
ns 


two 
Data Hold After WR~ 
0 
ns 


execution 
Code 
Neme 
Time' 
IBFII 
TCI(2) 
SPI 
ATNO 
CIC 
IFC 
REN 
EOI 
DAY 
Comment. 


E1 
WTOUT 
63 
24 


E2 
WEVC 
63 
24 


E3 
REVC 
71 
24 
51 


E4 
RERF 
67 
24 
47 


E5 
RINM 
69 
24 
49 


E6 
RCST 
97 
24 
77 


E7 
RBST 
92 
24 
7~ 


E8 


E9 
RTOUT 
69 
24 
49 


EA 
RERM 
69 
24 
49 


FO 
SPCNI 
53 
24 
Count 
Stops 
After 
39 
; 


F1 
GIOL 
68 
24 
70 
161 
161 


F2 
RST 
94 
24 
152 
Not System 
Controller 


F2 
RST 
214 
24 
192 
152 
1179 
1174 
1101 
System 
Controller 


F3 
RSTI 
61 
24 


F4 
GSEC 
125 
24 
107 
198 


F5 
EXPP 
75 
24 
153 
155 
159 
157 


F6 
GTSB 
118 
24 
100 
191 


F7 
SLOC 
73 
24 
55 
146 


F8 
SREM 
91 
24 
73 
164 
- 


F9 
ABORT 
155 
24 
133 
1120 
1115 
142 
. 


FA 
TCNTR 
108 
24 
86 
171 
168 


FC 
TCAS 
92 
24 
67 
155 


FD 
TCSY 
115 
24 
91 
160 


FE 
STCNI 
59 
24 
Starts 
Count 
After 
43 


PIN 
RESET 
29 
- 
17 
17 
Not System 
Controller 


X 
lACK 
116 
- 
173 
t98 
If Interrupt 
Pending 


Notes: 


1. All times 
are multiples 
of tCY from 
the 8041A 
command 
interrupt. 


2. TCI clears 
after 
7 tCY on all commands. 


3. I indicates 
a level 
transition 
from 
low to high, 
I indicates 
a high 
to low transition. 


,.4J: 
x:= 


2.0 
2.0 


0.8 > TEST 
POINTS < 0.8 


0.45 
----------~. 


A C. TESTING: 
INPUTS 
ARE DRIVEN 
AT 2.4V FOR A LOGIC 
'-," 
AND 0 45V FOR 


A LOGIC 
"0." 
TIMING 
MEASUREMENTS 
ARE 
MADE 
AT 2.0V FOR A LOGIC' 
1 


AND O.8V FOR A LOGIC 
"0 .. 


< 15 pF 


(INCLUDES 
XTAl, 


SOCKET. 
STRAY) 


r----- 
,,, 


..L..., 


, 


I,L 
_ 


15 - 25 pF 


{INCLUDES 
SOCKET, I 


STRAY) 
-=- 


BOTH 
XTAL1 
AND 
XTAl2 
SHOULD 
BE DRIVEN. 
RESISTORS 
TO VCC ARE 
NEEDED 
TO ENSURE 
V'H = 3.8V 
IF TTL 
CIRCUITRY 
IS USED. 


NOMINAL 
I 


;~~~rn' 
2 


XTAl1 
C'= 
C+3Cpp 
rI 


C 


l 
2 


-=- 
C 


3 
XTAL2 
~~P:~I~~~~~ 
PIN·TO·PIN 


EACH 
C SHOULD 
BE APPROXIMATEL'( 
20 pF. INCLUDING 
STRAY 
CAPACITANCE 


CS OR Ao 


(SYSTEM'S 


ADDRESS 
BUS) 


-"'1 
_--- tAD 
---_ 
-toF_1 


DATA 
VALID 
~_---------- 
_ 


CSORAO~ 
r 
(SYSTEM'S 
ADDRESS 
BUS) 
_ 
_ 
_ ..._~=-tww~~--twA- 
_ 


two 
--tow- 
- 


purchased 
from IEEE, 345 East 47th St., New York, NY 
10017. 


C MNEMONICS 


pon = power on 
rsc 
= request system 
control 
rpp = request parallel 
poll 
gts 
= go to standby 


tca 
= take control 
asynchronously 


tcs 
= take control 
synchronously 
sic 
= send interface 
clear 
sre 
= send remote enable 


IFC = interface 
clear 
ATN = attention 
TCT = take control 


pon_t,os . 
iFc"~/ 


(WITHINt .•) 


[IFCI\~/\ 
TCTI\~J 


(!!ille 


e 


TeT"@ID 
" 
I~l 


• T10 > 1.5 j./sec 
t THE MICROPROCESSOR 
MUST WAIT FOR THE 80 
INTERRUPT 
BEFORE 
WRITING 
THE GlSB 
OR GSEC 


COMMANDS 
TO ENSURE THAT (STlfS"/\~) 


IS TRUE. 


CIDS 
CADS 
CTRS 
CACS 
CPWS 
CPPS 


CSBS 
CSHS 
CAWS 
CSWS 
CSRS 
CSNS 
SNAS 
SACS 
SRIS 
SRNS 
SRAS 
SIIS 
SINS 
SIAS 


(ACDS) 


(ANRS) 


(SDYS) 


(STRS) 


aAQID 


= controller 
idle state 


= controller 
addressed 
state 


= controller 
transfer 
state 
= controller 
active state 
= controller 
parallel poll wait state 
= controller 
parallel poll state 
= controller 
standby 
state 


= controller 
standby 
hold state 
= controller 
active wait state 
= controller 
synchronous 
wait state 


= controller 
service requested 
state 
= controller 
service not requested 
state 
= system 
control 
not active state 
= system 
control 
active state 
= system 
control 
remote enable idle state 


= system control 
remote enable not active state 
= system control 
remote enable active state 


= system control 
interface 
clear idle state 


= system control 
interface 
clear not active state 


= system control 
interface 
clear active state 


= accept data state (AH function) 
= acceptor 
not ready state (AH function) 


= source delay state (SH function) 


= source transfer 
state (SH function) 


= talker addressed 
state (T function) 


SRD 


~Q 
V~ 


'". 


~G 
C/~ 


Figure A.1. C State Diagram 
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Mnemonic 


ACG 
ATN 
DAB 


DAC 
DAV 
DCL 
END 
EOS 


GET 
GTL 
IDY 
IFC 
LAG 
LLO 
MLA 


MTA 


MSA 


NUL 
OSA 
OTA 
PCG 
PPC 
PPE 


PPD 


PPR1 
PPR2 
PPR3 
PPR4 
PPR5 
PPR6 
PPR7 
PPR8 
PPU 
REN 
RFD 
RQS 
SCG 
SDC 
SPD 
SPE 
SRQ 
STB 


TCT 
TAG 
UCG 
UNL 
UNT 


Message Name 


Addressed 
Command 
Group 
Attention 
Data Byte 


Data Accepted 
Data Valid 
Device Clear 
End 
End of String 


Group Execute Trigger 
Go to Local 
Identify 
Interface 
Clear 
Listen Address 
Group 
Local Lock Out 
My Listen Address 


Null Byte 
Other Secondary 
Address 
Other Talk Address 
Primary Command 
Group 
Parallel Poll Configure 
Parallel Poll Enable 


Parallel Poll Response 
1 
Parallel Poll Response 2 
Parallel Poll Response 3 
Parallel Poll Response 4 
Parallel Poll Response 5 
Parallel Poll Response 6 
Parallel Poll Response 7 
Parallel Poll Response 8 
Parallel Poll Unconfigure 
Remote Enable 
Ready for Data 
Request Service 
Secondary 
Command 
Group 
Selected 
Device Clear 
Serial Poll Disable 
Serial Poll Enable 
Service Request 
Status 
Byte 


Take Control 
Talk Address 
Group 
Universal 
Command 
Group 
Unlisten 
Untalk 


(Note 3) 


(Note 4) 


(Note 5) 


(Note 6) 


(Note 7) 


Bus Signal L1ne(s) and Coding That 


Asserts 
the True Value of the Message 


o 
0 
NN 
I 
I 
ORO 
A 
E 
SIR 
o 
0 
AFA 
TOR 
F 
E 


8 
7 
6 
5 
4 
3 
2 
1 
VOC 
N 
I 
Q 
C N 


Y 0 
0 
0 X X X X 
X X X X X X X X 
o 0 
0 
0 
0 
0 
0 
0 
8 7 6 5 4 3 2 1 
X X X X X X X X 
XXO 
XXXXXXXX 
1XX 
Y 0 
0 
1 0 
1 0 
0 
XXX 
X X X X X X X X 
XXX 
E E E E E E E E 
XXX 
8 
7 6 5 4 3 2 
1 
Y 0 
0 
0 
1 0 
0 
0 
XXX 
Y 0 
0 
0 
0 
0 
0 
1 
XXX 
X X X X X X X X 
XXX 
X X X X X X X X 
XXX 
Y 0 
1 X X X X X 
XXX 
Y 0 
0 
1 0 
0 
0 
1 
XXX 
Y 0 
1 
L 
L 
L 
L 
LXXX 
5 
4 
321 
o T T T T T 
XXX 
5 4 3 2 1 
S S S S S 
XXX 
54321 
o 
0 
0 
0 
0 
0 
0 
0 
XXX 
X X X X X 


(OSA = SCG A MSA) 
(OTA=TAG 
AMTA) 


(PCG = ACG v UCG v LAG v TAG) 


Y 
0 
0 
0 
0 
1 0 
1 
XXX 
1 X X X X 


Y 
1 
1 0 S P P P 
XXX 
1 X X X X 


321 
o 0 
0 
0 
XXX 


432 
1 
X X X X X X X 
1 
XXX 
X X X X X X 
1 X 
XXX 
X X X X X 
1 X X 
XXX 


X X X X 
1 X X X 
XXX 


X X X 
1 X X X X 
XXX 
X X 
1 X X X X X 
XXX 
X 
1 X X X X X X 
XXX 
1 X X X X X X X 
XXX 
Y 0 
0 
1 0 
1 0 
1 
XXX 


X X X X X X X X 
XXX 


X X X X X X X X 
XOX 
X 
1 X X X X X X 
XXX 
Y 
1 
1 X X X X X 
XXX 
Y 0 
0 
0 
0 
1 0 
0 
XXX 


Y 0 
0 
1 
1 0 
0 
1 
XXX 


Y 0 
0 
1 
1 0 
0 
0 
XXX 


X X X X X X X X 
XXX 
S X S S S S S S 
XXX 
8 
6 
5 
432 
1 
Y 0 
0 
0 
1 0 
0 
1 
XXX 


Y 
1 0 X X X X X 
XXX 


Y 0 
0 
1 X X X X 
XXX 


Y 0 
1 
1 
1 
1 
1 
1 
XXX 
Y 
1 0 
1 
1 
1 
1 
1 
XXX 


XXX 
1 X X X X 


XXX 
1 X X X X 


XXX 
0 X X X X 


X X X X X 
XXXXX 
1 X X X X 
o 
1 X X X 
o X X X X 


1 X X X X 
1 X X X X 
X 
1 X X X 
X X X 
1 X 
1 X X X X 
1 X X X X 
1 X X X X 


1 X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
1 X X X X 
X X X X 
1 
X X X X X 
o X X X X 
1 X X X X 
1 X X X X 
1 X X X X 
1 X X X X 
X X 
1 X X 
o X X X X 


X X X X 
X X X X 
X X X X 
X X X X 
X X X X 


The 1/0 coding on ATN when sent concurrent 
with multiline 
messages has been added to this revision for interpre- 


tive convenience. 


inter 


NOTE5: 


1. 
01-08 
specify the device dependent data bits. 


2. 
E1-E8 specify the device dependent code used to indicate the E05 message. 


3. 
L1-L5 specify the device dependent bits of the device's listen address. 
4. 
T1- T5 specify the device dependent bits of the device's talk address. 
5. 
51-55 specify the device dependent bits of the device's secondary address. 
6. 
5 specifies the sense of the PPR. 


Response = 5 ~ ist 


P1-P3 specify the PPR message to be sent when a parallel poll is executed. 


P3 
P2 
P1 
PPR Message 
o 
0 
0 
PP~ 


7. 
01-04 specify don't-care bits that shall not be decoded by the receiving device. It is recommended that all zeroes 
be sent. 


8. 
51-56,58 
specify the device dependent status. (0107 is used for the RQ5 message.) 


9. 
The source of the message on the ATN line is always the C function, whereas the messages on the 010 and EOI 
lines are enabled by the T function. 


10. The source of the messages on the ATN and EOI lines is always the C function, 
whereas the source of the 
messages on the 010 lines is always the PP function. 


11. This code is provided for system use, see 6.3. 


8293 
GPIB TRANSCEIVER 


• Nine Open-collector 
or Three-state 


Line Drivers 


• 48 mA Sink Current Capability 
on 


Each Line Driver 


• Nine Schmitt-type 
Line Receivers 


• High Capacitance 
Load Drive 


Capability 


• Single 5V Power Supply 


• 28-Pln Package 


• Low Power HMOS Design 


• On-chip Decoder for Mode 
Configuration 


• Power Up/Power Down Protection 
to 


Prevent Disrupting the IEEE Bus 


• Connects with the 8291A and 8292 to 


Form an IEEE Standard 488 Interface 
Talker/Listener/Controller 
with no 
Additional Components 


• Only Two 8293's Required per GPIB 
Interface 


The Intel~ 8293 GPIB Transceiver is a high-current, 
non-inverting 
buffer chip designed to interface the 8291A GPIB 
Talker/Listener, or the 8291A/8292 GPIBTalker/Listener/Controlier 
combination, to the IEEE Standard 488-1978 Instrumen- 
tation Interface Bus. Each GPIB interface would contain two 8293 BusTransceivers. In addition, the 8293 can also be used 
as a general-purpose 
bus driver. 


8291A 
GPIB 
TALKER! 
LISTENER 


8292 
GPIB 
CONTROLLER 
TI~l 
vcc 


TI~2 
oPTA 


Eol 
3 
oPTB 


ATN 
DATA10 


DATA1 
DATA9 


DATA2 
DATAS 


DATA3 
7 
BUS9 


DATA4 
BUSS 


DATAS 
GND 


DATAS 
BUS7 


DATAl 
BUSS 


BUSS 


BUS4 


BUS3 


Symbol 
Pin No. 
'TYpe 
Name and Function 


BUS1- 
12,13, 
I/O 
GPIB Lines, GPIB Side: These are- 


BUS9 
15-19, 
the 
IEEE-488 
bus 
interface 
21,22 
driver/receivers, 
or TTL-compatible 
inputs 
on 
the 
8291A/8292 
side, 


depending 
on the mode used. Their 
use is programmed 
by the two mode 
select pins, OPTA and OPTB. 


DATA1- 
5-11, 
I/O' 
GPIB Lines, 
8291A/92 Side: These 


DATA10 
23-25 
are the pins to be connected 
to the 
8291A and 8292 to interface with the 
GPIB. Their use is programmed 
by 


I' 
the two mode select pins, OPTA and 
OPTB. All these pins are TTL compa- 
tible. 


T/J:i"1 
1 
I 
Transmit 
Receive 
1: This pin con- 


trols the direction 
for NDAC, NRFD, 


DAV, and 0101·0108. 
Input 
is TIL 
compatible. 


T/R'2 
2 
I 
Transmit 
Receive 
2: This pin con- 


trols the direction 
for EOI. Input is 
TIL 
compatible. 


Symbol 
Pin No. 
'TYpe 
Name and Function 


EOI 
3 
I/O 
End Or Identify: 
This pin indicates 


the end of a multiple byte transfer or, 


1- 
in conjunction 
with ATN, addresses 
the 
device 
during 
a polling 
se- 


quence. It connects to the 8291A and 
is switched 
between 
transm it and 


receive byT/A2. This pin isTTL com- 
patible. 


ATN 
4 
0 
Attention: 
This pin is used by the 


8291A to monitor the GPIBATN con- 
trol line. It specifies how data on the 
010 lines is to be interpreted. 
This 


output 
is TTL compatible. 


OPTA 
27 
I 
Mode Select: These two pins are to 


OPTB 
26 
I 
control 
the function 
of the 8293. A 


truth table of how they program the 
various modes is in Table 2. 


Vcc 
28 
P.S. 
Voltage: 
Positive power supply (5V 
± 10%). 


GND 
14,20 
P.S. 
Ground: 
Circuit ground. 


IEEE Implementation 
Name 


Pin Name 
Pin No. 
Mode 0 
Mode 1 
Mode 2 
Mode 3 


OPTA 
27 
0 
1 
0 
1 


OPTB 
2S 
0 
0 
1 
1 


OATA1 
S 
IFC 
OIOS 
IFC 
OIOS 


BUS1 
12 
IFC" 
OIOS" 
IFC" 
OIOS" 


OATA2 
S 
REN 
0107 
REN 
0107 
BUS2 
13 
REW 
0107" 
REW 
0107" 
OATA3 
7 
NC 
OIOS 
EOl2 
OIOS 
BUS3 
1S 
EOI" 
OIOS" 
EOI" 
OIOS" 
OATA4 
S 
SRO 
OIOS 
SRO 
OIOS 
BUS4 
- 
1S 
SRO" 
OIOS" 
SRO" 
OIOS" 
OATAS 
- 
9 
NRFO 
0104 
NRFO 
0104 
- 


BUSS 
17 
., 
NRFO" 
0104" 
NRFO" 
0104" 
OATAS 
-;>. 
10 
," 
NOAC 
0103 
NOAC 
0103 
BUSS 
" 
1S 
NOAC" 
0103" 
NOAC" 
0103" 
OATA7 
11 
T/R101 
NC 
ATNI 
ATNO 
OATAS 
. 
23 
TlRI02 
0102 
ATNO 
DT02 


BUS7 
19 
ATW 
0102" 
ATN" 
0102" 
OATA9 
24 
GT01 
OAY 
CIC 
OAY 
BUSS 
21 
G101" 
OAY" 
CLTH 
OAY" 
OATA10 
2S 
GI02 
0101 
IFCL 
0101 
BUS9 
22 
G102" 
0101" 
SYC 
0101" 


T/R1 
1 
T/R1 
T/R1 
T/R1 
TlR1 
T/R2 
2 
T/R2 
NC 
T/R2 
IFCL 
EOI 
3 
EOI 
EOI 
EOi 
EOI 
ATN 
4 
ATN 
ATN 
ATN 
ATN 


inter 


The 8293 is a bidirectional 
transceiver. 
It was designed 
to 


interface 
the 
Intel 
8291 A GPIB 
Talker/Listener 
and 
the 


Intel~ 8292 GPIB Controller 
to the IEEE Standard 
488-1978 


Instrumentation 
Bus 
(also 
referred 
to as the 
GPIB). 
The 


Intel 
GPIB Transceiver 
meets 
or exceeds 
all of the 
elec- 
trical 
specifications 
defined 
in the 
IEEE 
Standard 
488-· 


1978, 
Section 
3.3-3.5, 
including 
the 
bus 
termination 
specifications. 


The 
8293 
can 
be hardware 
programmed 
to one 
of four 
modes 
of operation. 
These 
modes 
allow 
the 
8293 
to 
be 


configured 
to 
support 
both 
a Talker/Listener/Controller 
environment 
and 
a Talker/Listener 
environment. 
In addi- 


tion, 
the 
8293 
can 
be used 
as a general-purpose, 
three- 
state 
(push-pull) 
or open-collector 
bus 
transceiver 
with 
nine receiver/drivers. 
Two modes 
each are used to support 
a Talker/Listener 
(see Figure.3) 
and a Talker/listener/Con- 
troller 
environment 
(see 
Figure 
4). 
Mode 
1 is used 
in 


general-purpose 
environments. 


TO 
PROCESSOR 
BUS 


TO 
PROCESSOR 
BUS 


GI01 
24 


TIRIO, 
11 


G10, 
25 


T/RI02 


23 


iFc 


REN 


ATN 


SRO 


EO' 


TI1I2 


NRFD 
9 


NDAC 
10 


Tll\l 


MODEO 


27 
OPTA 


26 
OPTB 


THREE 
STATE 
ONLY 
GIO,· 
21 


THREE 
STATE 
ONLY 
GIO,· 
22 


INPUT 
ONLY 
IFC· 


12 


INPUT 
ONLY 
REN· 
13 


INPUT 
ONLY 
ATN· 
19 


OPEN 
COL 


OUTPUT 
ONLY 
SRO· 


16 


THREE 
STATE 
ONLY 
EO'· 


15 


NRFD· 


NDAC· 


TIC 
~~6~:~EC~T~TE~TOR 
-I = +5V 


SIR 
1 =SEND 
TO GPIB 
..L 
OV 
0= RECEIVE 
FROM 
GPIB 
V = 


• = IEEE-488 
BUS 
NON·INVERTING 
DRIVER/RECEIVER 


Pin 
Symbol 
No. 
Type 
Name and Function 


T/R1 
1 
I 
Transmit 
Receive 
1 Oirection 
control 


for NOAC and NRFO. If T/R1 is high, then 
NOAC· and NRFO· are receiving. Input is 
TTL compatible. 


NOAC 
10 
I/O 
Not Data 
Accepted: 
Processor 
GPIB 


bus handshake control 
line; used to in- 


dicate 
the condition 
of acceptance 
of 


data by device(s). It is TTL compatible. 


NOAC· 
18 
I/O 
Not 
Data 
Accepted: 
IEEE GPIB bus 


handshake control 
line. When an input, 


it is a TTL compatible 
SChmitt-trigger. 


When an output, 
it is an open-collector 


driver with 48 mA sinking 
capability. 


NRFO 
9 
I/O 
Not Ready For Data: 
Processor 
GPIB 


handshake control line; used to indicate 
the condition 
of readiness of device(s) 


to accept data. This pin is TTL compati- 
ble. 


inter 


Pin 
Symbol 
No. 
lYpe 
Name and Function 


NRFD" 
17 
I/O 
Not Ready For Data: 
IEEE GPIB bus 
handshake control line. When an input, 
it is a TIL 
compatible 
Schmitt-trigger. 


When an output, it is an open-collector 
driver 
with 
a 48 mA current 
sinking 
capability. 


T/R2 
2 
I 
Transmit 
Receive 
2: Direction 
control 
for EOI. If T/R2 is high, EOI" is sending. 
Input is TIL 
compatible. 


EOI 
3 
I/O 
End Or Identify: 
Processor 
GPIB bus 
control 
line; is used by a talker to indi- 
cate the end of a multiple byte transfer. 
This pin is TIL 
compatible. 


EOI" 
15 
I/O 
End Or Identify: 
IEEE GPIB bus control 
line; is used by a talker to indicate the 
end of a multiple byte transfer. This pin is 


I 
a three-state (push-pull) 
driver capable 
of sinking 48 mA and a TIL 
compatible 
receiver with hysteresis. 


SRO 
8 
I 
Service 
Request: 
Processor GPIB bus 
control line; used by a device to indicate 
the need for service and to request an 
interruption 
of the current sequence of 
events on the GPIB. It is a TIL compati- 
ble input. 


SRO" 
16 
0 
Service 
Request: 
IEEE GPIB bus con- 
trol line; it is an open collector 
driver 
capable of sinking 48 mA. 


REN 
6 
0 
Remote 
Enable: 
Processor 
GPIB bus 
control line; used by a controller (in con- 
junction 
with other messages) to select 
between two alternate sources of device 
programming 
data (remote or local con- 


trol). This output is TIL 
compatible. 


REW 
13 
I 
Remote Enable: 
IEEE GPIB bus control 
line. This 
input 
is a TIL 
compatible 
Schmitt-trigger. 


ATN 
4 
0 
Attention: 
Processor GPIB bus control 
line; used by the 8291 to determine how 
data on the 010 signal lines are to be 
interpreted. 
This is a TIL 
compatible 
output. 


ATW 
19 
I 
Attention: 
IEEE GPIB bus control 
line; 
this input is a TIL 
compatible 
Schmitt- 
trigger. 


IFC 
5 
0 
Interface 
Clear: 
Processor 
GPIB bus 
control 
line; 
used by a controller 
to 
place the interface system into a known 
quiescent 
state. It is a TIL 
compatible 
output. 


Pin 
Symbol 
No. 
lYpe 
Name and Function 


IFC" 
12 
I 
Interface Clear: 
IEEE GPIB bus control 


line. 
This 
input 
is a TIL 
compatible 
Schmitt-trigger. 


T/~IOl 
11 
I 
Transmit 
Receive 
General 
10: Direc- 
T/~102 
23 
I 
tion 
control 
for the two 
spare trans- 
ceivers. These pins are TIL compatible. 


GI01 
24 
I/O 
General 
10: This is the TIL 
side of the 


GI02 
25 
I/O 
two spare transceivers. 
These pins are 


TIL 
compatible. 


G101" 
21 
I/O 
General 
10: These 
are spare 
three- 


G102" 
22 
I/O 
state (pUSh-pull) drivers/Schmitt-trigger 
receivers. The drivers can sink 48 mA. 


MOOE1 


OPTA 


OPTS 


OAV 
24 


TIA1 


Di01 
25 
22 
0101' 


iiTo, 
23 
19 
0102' 


0103 
10 
18 
0103' 


lml4 
17 
0104' 


ffiOs 
1S 
0105' 


IDll6 
15 
OIOS' 


lii07 
13 
0107' 


lmla 
12 
0108' 


ATN 


E5i 


Pin 
Symbol 
No. 
~pe 
Name and Function 


T/R1 
1 
I 
Transmit Receive 1: Controls the di- 
rection for DAY and the'DIO lines. If 
T/~1 is high, then all these lines are 
sending information to the IEEE GPIB 
lines. This input is ITL compatible. 


EOI 
3 
I 
End Of Sequence 
And Attention: 
ATN 
4 
I 
Processor GPIB control 
lines. These 
two 
control 
signals 
are ANOed to- 
gether to determine 
whether all the 
transceivers 
in the 8293 are three- 
state (push-pull) 
or open-collector. 
When both 
signals 
are low (true), 


then the controller 
is performing 
a 
parallel poll and the transceivers are 
all open-collector. 
These inputs are 
ITL 
compatible. 


DAV 
24 
I/O 
Data 
Valid: 
Processor 
GPIB 
bus 
handshake control line; used to indi- 
cate the condition 
(availability 
and 
validity) 
of information 
on the 010 
lines. It is TTL compatible. 


DAY' 
21 
I/O 
Data 
Valid: 
IEEE GPIB bus hand- 
shake control line. When an input, it 
is a ITL 
compatible 
Schmitt-trigger. 


When DAY' is an output, it can sink 48 
mA. 


0101- 
25,23, 
I/O 
Data Input/Output: 
Processor GPIB 
i5i08 
10, 
9, 
bus data lines; used to carry message 
8, 
7, 
and data bytes in a bit-parallel 
byte- 


6, 
5 
serial form 
controlled 
by the three 
handshake 
signals. These lines are 
ITL compatible. 


0101'- 
22,19, 
I/O 
Data 
Input/Output: 
IEEE GPIB bus 
0108' 
18,17, 
data lines. They are ITL 
compatible 
16,15, 
Schmitt-triggers 
when 
used for 
in- 
13,12 
put and can sink 48 mA when used for 
output. 
See ATN and EOI descrip- 
tion for output mode. 


IFCL 


CLTH 
CiC 


SiR= 
LOW 
ATIlT =ATN' 
ATN=ATN' 
ATN' 
= INPUT 
ATNO= 
INPUT 


SiR= 
HIGH 
ATNI == 
Am = HIGH 
ATN' 
=ATNO 
ATNO=INPUT 


Figure 7. Talker/Listener/Controller Control 


Configuration 


inter 


Pin 
Symbol 
No. 
Type 
Name and Function 


T/A1 
1 
I 
Transmit 
Receive 
1: Direction 
control 


for NDAC and NAFD. If T/R1 is high, then 
NDAC and NAFD are receiving. Input is 
TTl 
compatible. 


NDAC 
10 
I/O 
Not 
Data 
Accepted: 
Processor 
GPIB 
bus handshake control line; used to in- 
dicate the condition 
of acceptance 
of 
data by device(s). This pin is TTl 
com- 
patible. 


NDAC' 
18 
I/O 
Not 
Data 
Accepted: 
IEEE GPIB bus 
handshake control line. It is a TTl com- 
patible 
Schmitt-trigger 
when 
used for 
input and an open-collector 
driver with a 
48 mA current sink capability when used 
for output. 


Nlrn5 
9 
I/O 
Not Ready For Data: 
Processor 
GPIB 
bus handshake control 
line; used to in- 
dicate the condition 
of readiness of de- 
vice{s) to accept data. This pin is TTl 
compatible. 


NAFD' 
17 
I/O 
Not Ready 
For Data: 
IEEE GPIB bus 
handshake control line. It is a TTl com- 
patible 
Schmitt-trigger 
when used for 
input and an open-collector 
driver with a 
48 mA current sink capability when used 
for output. 


SYC1 
22 
I 
System Controller: 
Used to monitorthe 
system controller switch and control the 
direction 
for IFC and REN. This pin is a 
TTl 
compatible 
input. 


REN 
6 
I/O 
Remote 
Enable: 
Processor GPIB con- 
trol line; used by the active controller 
(in conjunction 
with 
other 
messages) 
to select between two alternate sources 
of device programming 
data (remote or 
local 
control). 
This 
pin 
is TTl 
com- 
patible. 


REN' 
13 
I/O 
Remote Enable: 
IEEE GPIB bus control 
line. When used as an input, this is a TTl 
compatible 
SChmitt-trigger. 
When 
an 
output, it is a three-state driver with a 48 
mA current sinking capability. 


IFC 
5 
I/O 
Interface 
Clear: 
Processor 
GPIB bus 
control 
line; 
used by the active 
con- 
troller to place the interface system into 
a known quiescent state. This pin is TTl 
compatible. 


IFC' 
12 
I/O 
Interface 
Clear: 
IEEE GPIB 
control 
line. This is a TTl 
compatible 
Schmitt- 
trigger when used for input and a three- 
state driver 
capable of sinking 
48 mA 
current when used for output. 


CIC 
24 
I 
Controller 
In Charge: 
Used to control 
the direction 
of the SRO and to indicate 
that the 8292 is in charge of the bus. CIC 
is a TTL compatible 
input. 


Pin 
Symbol 
No. 
Type 
Name and Function 


ClTH1 
21 
I 
Clear Latch: 
Used to clear the IFC Re- 


ceived latch after it has been recognized 
by the 8292. Normally low (except after a 
hardware 
reset). It will be pulsed 
high 


when IFC Received is recognized by the 
8292. This input is TTl 
compatible. 


IFCl 
25 
0 
IFC Received 
Latch: 
The 8292 moni- 


tors the IFC line when it is not the active 
controller 
through 
this pin. 


SRO 
8 
I/O 
Service Request: 
Processor GPIB qon- 
I 
trolline; 
indicates the need for attention 


and 
requests 
the 
active 
controller 


to interrupt 
the current 
sequence 
of 


events on the GPIB bus. This pin is TTl 
compatible. 


SRO' 
16 
I/O 
Service 
Request: 
IEEE GPIB bus con- 


trot line. When used as an input, this pin 
is a TTl 
compatible 
Schmitt-trigger. 


When used as an output, 
it is an open- 


collector 
driver 
with 
a 48 mA current 


sinking capability. 


T/R2 
2 
I 
Transmit 
Receive 
2: Controls 
the di- 


rection for EOI. This input is TTl 
com- 


patible, 


ATNO 
23 
I 
Attention 
Out: 
Processor 
GPIB 
bus 


control 
line; used by the 8292 for ATN 


control 
of the IEEE bus during 
"take 


control 
synchronously" 
operations. 
A 
low on this input causes ATN to be as- 
serted if CIC indicates that this 8292 is in 
charge. ATNO is a TTl compatible input. 


ATNI 
11 
0 
Attention 
In: Processor GPIB bus con- 


trolline; 
used by the 8292 to monitor the 


ATN line. This output is TTl compatible. 


ATN 
4 
0 
Attention: 
Processor GPIB bus control 
line; used by the 8292 to monitortheATN 
line. This output is TTl 
compatible. 


ATN' 
19 
I/O 
Attention: 
IEEE GPIB bus control 
line; 


used by a controller 
to specify how data 


on the DIO signal lines are to be inter- 
preted and which devices must respond 
to data. When used as an output, this pin 
is a three-state driver capable of sinking 
48 mA current. As an input, it is a TTl 
compatible 
Schmitt-trigger. 


EOl2 
7 
I/O 
End Or Identify 2: Processor GPIB bus 
control 
line; used in conjunction 
with 


ATN by the active controller 
(the 8292) to 


execute a polling sequence. This pin is 
TTl 
compatible. 


EOI 
3 
I/O 
End Or Identify: 
Processor 
GPIB bus 


control line; used by a talker to indicate 
the end of a multiple 
by1e transfer 
se- 


quence. This pin is TTl 
compatible, 


NOTES: 
1, VIL3 is guaranteed at 1.1Von these inputs to accommodate the 


high current-sourcing 
capability 
of these pins during 
a low 


input in Mode 2. 


inter 


Pin 


Symbol 
No. 
Type 
Name and Function 


EOI> 
15 
I/O 
End Or Identify: 
IEEE GPIB bus control 


line; used by a talker to indicate the end 
of a multiple by1e transfer sequence or, 
by a controller 
in conjunction 
with ATN, 


to execute a polling sequence. When an 
output, this pin can sink 48 mA current. 
When an input, it is a TIL 
compatible 
Schmitt-trigger. 


JrTmj 
OPTA 


~ 
OPTS 


oAV 
21 
OAV· 


Till"! 


010, 
25 
22 
0101- 


0102 
23 
19 
0102- 


0103 


10 
18 
0103' 


0104 
17 
0104- 


0105 


8 
18 
0105' 


01°6 
15 
0106- 


0107 
13 
olor 


olOa 
12 
0108· 


EOI 
3 


ATN 


Figure 8. Talker/Listener/Controller 
Data 
Configuration 


Pin 
Symbol 
No. 
Type 
Name and Function 


T/Rl 
1 
I 
Transmit Receive 1: Controls the di- 
rection for DAV and the 010 lines. If 
T/Rl 
is high, then all these lines are 


sending information 
to the IEEE GPIB 


lines. This input is TIL 
compatible. 


EOI 
3 
I 
End Of Sequence 
and 
Attention: 


ATN 
4 
I 
Processor GPIB control 
lines. These 


two control lines are ANDed together 
to determine 
whether 
all the trans- 


ceivers in the 8293 are push-pull 
or 


open-collector. 
When 
both 
signals 


are low (true), then the controller 
is 


performing 
a parallel 
poll 
and the 


transceivers 
are all open-collector. 


These inputs are TIL 
compatible. 


ATNO 
11 
I 
Attention 
Out: 
Processor GPIB con- 


trol 
line; 
used by the 8292 during 
"take control synchronously" 
opera- 


tions. This pin is TIL 
compatible. 


IFCL 
2 
I 
Interface 
Clear 
Latched: 
Used to 


make DAV received after the system 
controller 
asserts IFe. This input 
is 


TTL compatible. 


DAV 
24 
I/O 
Data Valid: 
Processor 
GPIB hand- 


shake control 
line; used to indicate 


the 
condition 
(availability 
and 


validity) 
of information 
on the 010 


signals. This pin is TTL compatible. 


DAV> 
21 
I/O 
Data Valid: 
IEEE GPIB handshake 
control line. When an input, this pin is 
a TTL compatible 
Schmitt-trigger. 


When DAV>is an output, it can sink 48 
mA. 


0101- 
25,23, 
I/O 
Data Input/Output: 
Processor 
GPIB 


0108 
10, 
9, 
bus data Jines; used to carry message 


8, 
7, 
and data by1es in a bit-parallel 
by1e- 


6, 
5 
serial from 
controlled 
by the three 


handshake 
signals. 
These Iines are 


TIL 
compatible. 


0101> 


I:::~: 


I/O 
Data Input/Output: 
IEEE GPIB bus 


0108> 
data Jines. They are TIL 
compatible 


16,15, 
Schmitt-triggers 
when used for input 


13,12 
and can sink 48 mA when used for 
output. 


8293 
2S 
0101 


22 
0101- 


23 
0102 
19 
0102- 


10 
0103 


18 
0103- 


0104 


17 
0104- 
16 
TO 


1m••. 
OIOS 
DlOS- 
IEEE·488 


12 
28 
1S 
BUS 


DO 
Di"01 
0106 
Dl06- 


13 
0102 
29 
0107 
0107- 
13 


01 
14 
0103 
30 
0108 


12 


02 
Dl08- 


1S 
0104 
31 
24 
OAV 


21 
03 
OAV- 


16 
OIOS 
32 
TI1I1 
OPTA 
27 


Vcc 
04 
17 
0106 
33 
ATN 
OPTB 
26 
GNO 
OS 
18 
0107 
34 
EOI 
06 
19 
07 
0108 
3S 
MOOE1 
21 
RSO 
OAV 
36 
TO 
22 
1 
MICROPROCESSOR 
RS1 
TIR1 
INTERFACE 
23 
RS2 
ATN 
26 
8293 
cs 
EOI 
39 
EOI 
EOI- 
1S 


Ro 
TiR2 
ATN 
ATW 
19 


10 
WR 
NOAC 
38 
TIR1 
11 
NRFO 
37 
2 
TIR2 
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.E.. 
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Ambient 
Temperature 
Under Bias 
O·C to 70'C 
Storage Temperature 
-6S'C 
to + 1S0'C 
Voltage on any Pin with 
Respect to Ground 
- 1.0V to + 7V 
Power Dissipation 
1 Watt 


This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification 
is 


not implied. Eifposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 
2. All devices 
are guaranteed 
to operate 
within 
the 


minimum and maximum parameter limits specified below. 
Typical parameters however are not tested and are not 
guar,!nteed. 
Established statistically, 
they indicate 
the 


performance 
level expected in a typical device at room 


temperature (TA = 25'C) and Vee '" 511. 


'NOTICE: 
1.Stresses above those listed under "Absolute Maximum 
Ratings" 
may cause permanent 
damage to the device. 


Parameter 
limits 
Units 
Test Conditions 
Symbol 
Min. 
Typ. 
Max. 


VIL1 
Input Low Voltage (GPIB Bus Pins) 
0.8 
V 


Input Low Voltage (Option Pins) 
-0.1 
0.1 
V 


, 


VIL2 


VIL31 
Input Low Voltage (All Others) 
0.8 
V 


VIH1 
Input High Voltage (GPIB Bus Pins) 
2.0 
Vee 
V 


VIH2 
Input High Voltage (Option Pins) 
4.5 
Vee 
V 


VIH3 
Input High voltage (All Others) 
2.0 
Vee 
V 


VIH4 
Receiver Input Hysteresis 
400 
mV 


VOL1 
Output Low Voltage (GPIB Bus Pins) 
0.5 
V 
IOL = 48 mA 


VOL2 
Output Low Voltage (All Others) 
0.5 
V 
IOL = 16 mA 


VOH1 
Output High Voltage'(GPIB 
Bus Pins) 
2.4 
V 
IOH = -5.2 
mA 


VOH2 
Output High Voltage (All Others) 
2.4 
V 
IOH = -800 pA 


High to Low 
0.8 
VIT 
Receiver Input Threshold 
Low to High 
2.0 
V 


ILe 
Input Load Current (GPIB Pins) 
See Bus Load Line Diagram 
Vee = 5.0V :!: 5% 


IlL 
Input Leakage Current (All Others) 
10 
!LA 
0.45 ,,;;VIN ,,;;Vee 


IpD 
Bus Power Down Leakage Current 
40 
pA 
0.45V ,,;;VBUS ,,;;2.7V 


Ice 
Power Supply Current 
110 
175 
mA 


NOTES: 
1. VIL3= 1.1V maxon pins 21and 22 in Mode 2 for the 8293-10. 


Symbol 
Parameter 
MIl). 
Typ. 
Max. 
Units 
Test Conditions 


CI01 
I/O Capacitance 
(GPIB Side) 
50 
80 
pF 
VIN =Vee 


CI02 
I/O Capacitance 
(System Side) 
35 
50 
pF 
VIN =Vee 


CITR 
Input Capacitance 
(T/R 1,T/R2) 
7 
10 
pF 
VIN =Vee 


Symbol 
Parameter 
Max. 
Units 


tP1 
Transmitter 
Propagation 
Delay (All lines) 
30 
ns 


tp2 
Receiver Propagation 
Delay (EOI, ATN and Handshake lines) 
50 
ns 


tp3 
Receiver Propagation 
Delay (All Other lines) 
-, 
60 
ns 


tpHZ1 
Transmitter 
Disable Delay (High to 3-State) 
40 
ns 


tpZH1 
Transmitter 
Enable Delay (3-state to High) 
., 
40 
ns 


tpLZ1 
Transmitter 
Disable Delay (Low to 3-State) 


r. 
, 


40 
ns 


tpZL 1 
Transmitter 
Enable Delay (3-State to Low) 
. ~ 


·40 
. 
ns 


tpHZ2 
Receiver Disable Delay (High to 3-State) 
40 
ns 


tpZH2 
Receiver Enable Delay (3-State to High) 
;- 
40 
ns 


tpLZ2 
Receiver Disable Delay (Low to 3-State) 
40 
ns 


tpZL2 
Receiver Enable Delay (3-State to Low) 
. 
40 
ns 


tMS 
Mode Switch Delay 
10 
/LS 
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CHARACTERISTICS 


8253/8253·5 
PROGRAMMABLE 
INTERVAL TIMER 


The Intell!> 8253 is a programmable 
counter/timer 
chip designed 
for use as an Intel microcomputer 
peripheral. 
It uses 


nMOS technology 
with a single 
+5V supply and is packaged 
in a 24·pin plastic 
DIP. 


It is organized as 3 independent 
16·bit counters, 
each with a count rate of up to 2 MHz. All modes of operation 
are soft· 


ware programmable. 
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FUNCTIONAL 
DESCRIPTION 


General 


The 
8253 is a programmable 
interval timer/counter 
specifically 
designed for 
use with 
the Intel'· 
Micro- 


computer 
systems. Its function 
is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 


The 8253solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systemssoftware, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253with the desired quantity, then upon 
command the 8253will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that mUltiple 
delays can easily be maintained by assignment of priority 
levels. 


Other 
counter/timer 
functions 
that are non-delay 
in 
nature but also common to most microcomputers can be 
implemented with the 8253. 


• Programmable Rate Generator 
• Event Counter 
• Binary Rate Multiplier 
• Real Time Clock 
• Digital One-Shot 
• Complex Motor Controller 


Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is usedto interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 


1. Programming the MODES of the 8253. 
2. Loading the count registers. 
3. Reading the count values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 


RD (Read) 
A "low" on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 


WR (Write) 


A "low" on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 


These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 


CS (Chip Select) 


A "low" on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 
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Figure 3. Block Diagram Showing Data Bus Buffer and 


Read/Write Logic Functions 


CS 
RD 
WR 
A, 
Ao 


0 
1 
0 
0 
0 
Load Counter No. 0 


0 
1 
0 
0 
1 
Load Counter No.1 


0 
1 
0 
1 
0 
Load Counter No.2 


0 
1 
0 
1 
1 
Write ModeWord 


0 
0 
1 
0 
0 
ReadCounter No. 0 


0 
0 
1 
0 
1 
ReadCounter No.1 


0 
0 
1 
1 
0 
ReadCounter No.2 


0 
0 
1 
1 
1 
No-Operation3-State 


1 
X 
X 
X 
X 
Disable3-State 


0 
1 
1 
X 
X 
No-Operation3-State 


Control Word Register 


The Control Word Register is selected when AO,A1are 11. 
It then accepts information from the data bus buffer and 
stores it in a register. The information 
stored in this 


register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 


The Control Word Register can only be written into; no 
read operation of its contents is available. 


Counter #0, Counter #1, Counter #2 


These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 


The counters are fully independent and each can have 
separate Mode configuration 
and counting operation, 


binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that 
software 
overhead can 
be minimized for these 
functions. 


The reading of the contents of each counter isavailable to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read "on the fly" without having to inhibit 
the clock input. 


8253 SYSTEM 
INTERFACE 
The 8253 is a component of the Intel'· Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral )fo ports; three are 
counters and the fourth is a control register for MODE 
programming. 


Basically, the select inputs AO,A1 connect to the AO,A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel@8205for larger systems. 
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Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 


) ) 


General 


The 
complete 
functional 
definition 
of 
the 
8253 is 


programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. Prior to initialization, the MODE, count, and 
output of all counters is undefined. These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting. 
. 


Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 


The 
actual 
counting 
operation 
of 
each 
counter 
is 
completely independent and additional logic is provided 
on-chip 
so that the usual problems 
associated with 


efficient 
monitoring 
and 
management 
of 
external, 
asynchronous 
events or rates to the microcomputer 


system have been eliminated. 


Programming the 8253 


All of the MODESfor each counter are programmed by the 
systems software by simple I/O operations. 


Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 


Control Word Format 


Definition of Control 


SC - 
Select Counter: 


0 
0 
'SelectCounter 0 


0 
1 
SelectCounter 1 


1 
0 
SelectCounter 2 


1 
1 
Illegal 


RL - 
Read/Load: 


RL 1 
RLO 


0 
0 
Counter Latching operation (see 
READIWRITE ProcedureSection) 


1 
0 
Read/Load most significant byte only. 


0 
1 
Read/Load leastsignificant byte only. 


1 
1 
Read/Load leastsignificant byte first, 
then most significant byte. 


0 
0 
0 
Mode0 


0 
0 
1 
Mode 1 


X 
1 
0 
Mode 2 


X 
1 
1 
Mode3 


1 
0 
0 
Mode4 


1 
0 
1 
Mode 5 


Binary Counter 16-bits 


Binary CodedDecimal (BCD) Counter 
(4 Decades) 


Counter Loading 


The count register is not loaded until the count value is 
written 
(one or two 
bytes, depending 
on the mode 


selected by the RL bits), followed by a rising edge and a 
falling edge of the clock. Any read of the counter prior to 
that falling clock edge may yield invalid data. 


MODE Definition 


MODE 0: Interrupt on Terminal Count. The output will 
be initially 
low after the mode set operation. After the 


count is loaded into the selected count register, the out- 
put will remain low and the counter will count. When ter- 
minal count is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 


Rewriting a counter register during counting results in 
the following: 


(1) Write 1st byte stops the current counting. 
(2) Write 2nd byte starts the new count. 


MODE 1: Programmable One-Shot. The output will go 
Iowan the count following the rising edge of the gate in- 
put. 


The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 


The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate input. 


int-r..._.. .,._.,._. 
__.~....,.. 
.,A. "4UCl,,,-i'rle-'--WTlI"be 
mniOllea wnlle me gate input is low. Reloading 
number of input counts 
in the count register. If the 
the counter register will restart counting beginning with 


count register is reloaded between output pulses the 
the new number. 


present period will not be affected, but the subsequent 
period will reflect the new value. 


The gate input, when low, will force the output 
high. 


When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to syn.chronize the counter. 


When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 


MODE 3: Square Wave Rate Generator.Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom- 
plished by decrementing the counter by two on the fall· 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full count and the whole 
process is repeated. 


If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, if the count is odd, the 
output 
will 
be high for (N+ 1)/2 counts and low for 


(N - 1)/2 counts. 


MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will 
go high again. 


MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out· 
put will not go low until the full count after the rising 
edge of any trigger. 


. 


~ 


Low 
Status 
Or Going 
Modes 
Low 
Rising 
High 


0 
Disables 
-- 
Enables 


counting 
counting 


1 
-- 
1) Initiates 
-- 


counting 
2) Resets output 


after next clock 


2 
1) Disables 
1) Reloads 
counting 
counter 
Enables 


2) Sets output 
2) Initiates 
counting 
immediately 
high 
counting 


3 
1) Disables 
counting 
Initiates 
Enables 


2) Sets output 
counting 
counting 


immediately 
high 


4 
Disables 
-- 
Enables 


counting 
counting 


5 
-- 
Initiates 
-- 


counting 


inter 
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8253 READIWRITE 
PROCEDURE 


Write Operations 


The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 


The actual order of the programming 
is quite flexible. 
Writing out of the MODE control 
word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO,SC1) 


The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO,RL1). This 
loading of the counter's count register is still sequence 
independent 
like the MODE control 
word loading, but 
when a selected count register is to be loaded it !:!ll!§! be 
loaded with the number of bytes programmed 
in the 
MODE control word (RLO,RL1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 


All counters are down counters. Thus, the value loaded 
into the count 
register will actually 
be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (216 for Binary or 10'for BCD). In MODE 0 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL1) are program- 
med. Then proceed with the restart operation. 


MODE Control Word 
Counter n 


lSB 
Count Registerbyte 
Counter n 


MSB 
Count Registerbyte 
Counter n 


A1 
AO 


MODE Control Word 
1 
1 
Counter 0 


MODE Control Word 
1 
1 
Counter 1 


MODE Control Word 
1 
1 
Counter 2 


lSB 
Count RegisterByte 
0 
1 
Counter 1 


Count RegisterByte 
0 
1 
MSB 
Counter 1 


LSB 
Count RegisterByte 
1 
0 
Counter 2 


MSB 
Count RegisterByte 
1 
0 
Counter 2 


lSB 
Count RegisterByte 
0 
0 
Counter 0 


MSB 
Count RegisterByte 
0 
0 
Counter 0 


Note: The exclusive addresses of each counter's count register make 


the task of programming 
the 8253 a very simple 
matter, 
and 


maximum 
effective 
use of the device will 
result 
if this feature 


is fully 
utilized. 


fh most cejunter applications 
it becomes 
necessary 
to read 
the 
value 
of 
the 
count 
in 
progress 
and 
make 
a 
computational 
decision 
based 
on 
this 
quantity. 
Event 
counters 
are probably 
the most common 
application 
that 
uses this function. 
The 8253 contains 
logic that will allow 
the programmer 
to easily 
read the contents 
of any of the 
three 
counters 
without 
disturbing 
the 
adual 
count 
in 
progress. 


There 
are two 
methods 
that the programmer 
can use to 
read the value 
of the counters. 
The first method 
involves 
the 
use of simple 
I/O 
read 
operations 
of the 
selected 
counter. 
By controlling 
the AD, A 1 inputs 
to the 8253 the 
programmer 
can select the counter 
to be read (remember 
that no read operation 
of the mode register 
is allowed 
AD, 
A1-11). 
The only 
requirement 
with 
this 
method 
is that in 
order to assure a stable count 
reading 
the actual operation 
of 
the 
selected 
counter 
must 
~ 
inhibited 
either 
by 
controlling 
the Gate input or by external 
logic that inhibits 
the clock 
input. 
The contents 
of the counter 
selected 
will 
be available 
as follows: 


first 
I/O Read contains 
the least significant 
byte 
(lSB). 


s,econd 
I/O 
Read 
contains 
the 
most 
significant 
byte 
(MSB). 


Due 
to 
the 
internal 
logic 
of 
the 
8253 
it 
is absolutely 
necessary 
to complete 
the entire reading 
procedure. 
If two 
bytes are programmed 
to be read then two bytes must be 
read before 
any loading 
WR command 
can be sent to the 
same counter. 


Al 
AO 
RD 


0 
0 
0 
Read Counter 
No, 0 


0 
,1 
0 
Read Counter 
No, 1 


1 
0 
0 
Read Counter 
No.2 


1 
1 
0 
Illegal 


Reading While Counting 


In order 
for the programmer 
to read the contents 
of any 


cQunter 
without 
effecting 
or 
disturbing 
the 
counting 
operation 
the 8253 has special 
internal 
logic 
that can be 
accessed 
using 
simple 
WR 
commands 
to 
the, MODE 
register. 
Basically, 
when 
the programmer 
wishes 
to read 
the contents 
of a selected 
counter 
"on the fly" he loads the 
MODE 
register 
with 
a special 
code 
which 
latches 
the 
present 
count 
value 
into 
a storage 
'register 
so that 
its 


contents 
contain 
an 
accurate, 
stable 
quantity. 
The 


programmer 
then 
issues 
a normal 
read command 
to the 
selected 
counter 
and the contents 
of the latched 
register 
is 


available. 


SC1,SCO- 
specify 
counter 
to be latched. 


05,04 
- 
00 design'!tes 
counter 
latching 
operation. 


X 
- 
don't 
care. 


The same limitation 
applies 
to this 
mode of reading 
the 
counter 
as the previous 
method. 
That is, it is mandatory 


to complete 
the entire 
read operation 
as programmed. 


This 
command 
has no effect 
on the counter's 
mode. 


3MHz 
• 1.5MHz 
ClK 
c2 
ClK 


8085 
8253·5 


-0.5Vto+7V 
1 Watt 


'NOTICE: Stresses 
above those listed under "Absolute 


Maximum Ratings" may cause permanent damage to the 
device. This is a stress 
rating only and functional opera- 


tion of the device at these or any other conditions above 
those 
indicated 
in the operational 
sections 
of this 


specification 
is not implied. Exposure to absolute maxi- 


mum rating conditions 
for extended periods may affect 


device reliability. 


Ambient 
Temperature 
Under 
Bias 
Storage 
Temperature 
Voltage 
On Any 
Pin 
With Respect 
to Ground 
Power 
Dissipation 


0°Ct070°C 


-65°C 
to +150° C 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VIL 
Input 
Low Voltage 
. 
-0.5 
0.8 
V 


VIH 
Input 
High Voltage 
2.2 
Vee+·5V 
V 


VOL 
Output 
Low Vo Itage 
0.45 
V 
Note 
1 
I 


VOH 
Output 
High Voltage 
., 
2.4 
V 
Note 2 


IlL 
Input 
Load Current 
±10 
/lA 
VIN = Vee to OV 


IOFL 
Output 
Float 
Lea kage 
±10 
/lA 
VOUT = Vee to OV 


Ice 
Vee Supply 
Current 
140 
mA 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


CIN 
Input 
Capacitance 
10 
pF 
fc = 1 MHz 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins returned 
to Vss 


8253 
8253-5 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAR 
Address Stable Before 
READ 
50 
30 
ns 


tRA 
Address 
Hold Time for 
READ 
5 
5 
ns 


tRR 
READ 
Pulse Width 
400 
300 
ns 


tRD 
Data Delay From 
R EAD[4] 
300 
200 
ns 


tDF 
READ 
to Data F !oating 
25 
125 
25 
100 
ns 
- 


tRY 
Recovery 
Time 
Between 
READ 
1 
1 
and Any Other 
Control 
Signal 


jJS 


inteJ 


8253 
8253-5- 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAW 
Address 
Stable 
Before 
WR ITE 
50 
30 
ns 


tWA 
Address 
Hold 
Time 
for 
WR ITE 
30 
30 
ns 


tww 
WR ITE 
Pulse Width 
400 
300 
ns 


tow 
Data Set Up Time 
for 
WR ITE 
300 
250 
ns 


two 
Data 
Hold 
Time 
for WR ITE 
40 
30 
ns 


tRY 
Recovery 
Time 
Between 
WRITE 
1 
1 
I.ls 


and 
Any 
Other 
Control 
Signal 


8253 
8253-5 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


teLK 
Clock 
Per iod 
380 
de 
380 
de 
ns 


tpwH 
High Pulse Width 
230 
230 
ns 


tPWL 
Low 
Pulse Width 
150 
150 
ns 


tGW 
Gate Width 
High 
150 
150 
ns 


tGL 
Gate Width 
Low 
100 
100 
ns 


tGS 
Gate Set Up Time 
to CLKt 
100i 
100 
ns 


tGH 
Gate 
Hold 
Time 
After 
CLKt 
50 
50 
ns 


too 
Output 
Delay 
From 
CLKH4] 
400 
400 
ns 


tOOG 
Output 
Delay 
From 
Gate~ 
[4] 
300 
300 
ns 


NOTES: 
1. tOL = 2.2 mA. 
2. tOH ~ -400 
I"A. 


3. AC timings 
measured 
at VOH 2.2, VOL = 0.8. 


4. CL = 150pF. 


'.4=x'..> TESTPO'NTS < 2.•)C 


0.8 
0.8 
0.45 
_ 


A C TESTING 
INPUTS 
ARE DRIVEN 
AT 2 4V FOR A LOGIC 
1 
AND 0 45V FDA 


A lOGIC 
0 
TIMING 
MEASUREMENTS 
ARE MADE 
AT 20V 
FOR A LOGIC 
1 


AND 0 BV FOR A LOGIC 
0 


inter 


~-':=L'-==Et.. 


RD 


tRD 
tOF 


8254 
Programmable Interval Timer 


• 
Compatible 
with Most Micro- 


processors 
Including 8080A, 8085A, 


iAPX 88 and iAPX 86 


• 
Handles Inputs from DC to 5 MHz 
(10 MHz for 8254·2) 


• 
Six Programmable 
Counter Modes 


• 
Status Read·Back Command 


The Intel@ 8254 is a counter/timer 
device designed 
to solve the common 
timing 
controlprob.lems 
in microcomputer 
system design. It provides three independent 
16·bit counters, 
each capable of handling clock inputs up to 10 MHz. All 
modes are software 
programmable. 


The 8254 uses HMOS technology 
and comes in a 24·pin plastic 
or CERDIP package. 


eLK 0 


07.00 


OUT 0 


0, 
Vcc 


o. 
WR 


0, 
RO 
eLK 1 
cs 
o. 


GATE 
1 
03 
A, 


A, 
OUT 1 
0, 
Ao 


0, 
ClK 2 


Do 
OUT2 


ClKO 
GATE 2 


OUTO 
ClK 1 


GATE 0 
GATE 1 


GNo 
OUT1 


OU12 


Symbol 
Pin No. 
Type 
Name and.Function 


DrDo 
1-8 
1/0 
Data: Bi·directional three state data bus 
lines, 
connected 
to system 
data bus. 


ClK 0 
9 
Clock 0: Clock input of Counter O. 


OUTO 
10 
0 
Output 0: Output of Counter O. 


GATE 0 
11 
Gate 0: Gate input of Counter O. 


GND 
12 
Ground: Power 
supply 
connection. 


The 
8254 
is a programmable 
interval 
timer/counter 
de- 


signed 
for 
use with 
Intel 
microcomputer 
systems. 
It is a 


general 
purpose, 
multi-timing 
element 
that 
can be treated 


as an array 
of I/O ports 
in the 
system 
software. 


The 
8254 
solves 
one 
of 
the 
most 
common 
problems 
in 
any 
microcomputer 
system, 
the 
generation 
of accurate 


time 
delays 
under 
software 
control. 
Instead 
of 
setting 
up timing 
loops 
in software, 
the 
programmer 
configures 


the 8254 to match 
his requirements 
and programs 
one of 


the 
counters 
for 
the 
desired 
delay. 
After 
the 
desired 


delay, 
the 
8254 
will 
interrupt 
the 
CPU. 
Software 
over- 
head 
is minimal 
and variable 
length 
delays 
can easily 
be 


accommodated. 


Some 
of 
the 
other 
counter/timer 
functions 
common 
to 


microcomputers 
which 
can 
be 
implemented 
with 
the 


8254 
are: 


• 
Real 
time 
clock 
• 
Event 
counter 


• 
Digital 
one-shot 


• 
Programmable 
rate 
generator 


• 
Square 
wave 
generator 
• 
Binary 
rate 
multiplier 


• 
Complex 
waveform 
generator 


• 
Complex 
motor 
controller 


Symbol 
Pin No. 
Type 
• 
Name and Function 


Vcc 
24 
Power: +5V power supply connection. 


WR 
23 
I 
Write Control: This input is low during CPU 
write 
operations. 


RD 
22 
'I 
ReadControl: This input is low during CPU 
read operations. 


CS 
21 
I 
Chip Select: A low o~his 
input enables ~ 


8254 to respond to RD and WR signals. RD 
and WR are ignored otherwise. 


A" Ao 
20·19 
I 
Addre•• : Used to select one of the three 
Counters or the Control Word Register for 
read or write 
operations. 
Normally 
can· 


nected to the system address bus. 


A, 
Ao 
Selects 


0 
0 
Counter 0 


0 
1 
Counter 1 


1 
0 
Counter 2 


1 
1 
Control Word Register 


ClK 2 
18 
I 
Clock 2: Clock input of Counter 2. 


OUT2 
17 
0 
Oul 2: Output of Counter 2. 


GATE 2 
16 
I 
Gate 2: Gate input of Counter 2. 


ClK 1 
15 
I 
Clock 1: Clock input of Counter 1. 


GATE 1 
14 
I 
Gale 1: Gate input of Counter 1. 


OUT1 
13 
0 
Ou11: Output of Counter 1. 


Block Diagram 


DATA BUS BUFFER 


This 
3·state, 
bi·directional, 
8·bit 
buffer 
is used 
to 
inter· 


face 
the 
8254 
to the 
system 
bus 
(see 
Figure 
3). 


Figure 3. Block Diagram Showing 
Data Bus Buffer and 


Read/Write 
Logic Functions 


inter 


READ/WRITE lOGIC 


The ReadlWrite logic 
accepts inputs from the system 


bus and generates control signals for the other func- 
tional blocks of the 8254. A1 and Ao select one of the 
three counters or the Control Word Register to be read 
from/written into. A "low" on the RD input tells the 8254 
that the CPU is reading one of the counters. A "low" on 
the WR input tells the 8254 that the CPU is writing either 
a Control Word or an initial count. Both RD and WR are 
qualified by CS; RD and WR are ignored unless the 8254 
has been selected by holding CS low. 


CONTROL WORD REGISTER 


The Control Word Register (see Figure 4) is selected by 
the ReadlWrite logic 
when A1,Ao= 11. If the CPU then 
does a write operation to the 8254, the data is stored in 
the Control Word Register and is interpreted as a Con- 
trol Word used to define the operation of the Counters: 


The Control Word Register can only be written to; status 
information 
is available with the Read-Back Command. 


Figure 4_ Block Diagram Showing Control Word 
Register and Counter Functions 


COUNTER 0, COUNTER 1, COUNTER 2 


These three functional blocks"are identical in operation, 
so only a single Counter will be described. The internal 
block diagram of a single counter is shown in Figure 5. 


The Counters are fully independent. Each Counter may 
operate in a different 
Mode. 


The Control Word Register is shown in the figure; it is 
not part of the Counter itself, but its contents determine 
how the Counter operates. 


The status register, shown in the Figure, when latched, 
contains 
the current 
contents 
of the Control 
Word 


Register and status of the output and null count flag. 
(See detailed explanation of the Read-Back command.) 


The actual counter is labelled CE (for "Counting 
Ele- 


ment"). 
It is a 16-bit presettable 
synchronous 
down 


counter. 


OlM and OlL are two 8-bit latches. Ol stands for "Out- 
put latch"; 
the subscripts 
M and l stand for "Most sig- 


nificant byte" and "least 
significant 
byte" respectively. 


Both are normally referred to as one unit and called just 
OL. These latches normally "follow" 
the CE, but if a 


suitable Counter latch 
Command is sent to the 8254, 


the latches "latch" 
the present count until read by the 


CPU and then return to "following" 
the CEoOne latch at 


a time is enabled by the counter's Control logic to drive 
the internal bus. This is how the 16-bit Counter com- 
municates over the 8-bit internal bus. Note that the CE 
itself cannot be read; whenever you read the count, it is 
the Ol that is being read. 


Similarly, there are two 8-bit registers called CRM and 
CRL(for "Count Register"). Both are normally referred to . 
as one unit and called just CR. When a new count is writ- 
ten to the Counter, the count is stored in the CR and 
later transferred to the CEoThe Control logic allows one 
register at a time to be loaded from the internal bus. 
Both bytes are transferred to the CE simultaneously. 
CRM and CRL are cleared when the Counter 
is pro- 


grammed. In this 
way, if the Coun'ter has been pro- 


grammed for one byte counts (either most significant 
byte only or least significant 
byte only) the other byte 


will be zero. Note that the CE cannot be written 
into; 


whenever a count is written, it is ,:",ritten into the CR. 


The Control logic 
is also shown in the diagram. ClK n, 


GATE n, and OUT n are all connected to the outside 
world through the Control logic. 


inter 


The 8254 is a component 
of the Intel Microcomputer 
Sys- 
tems and interfaces 
in the same manner as all other pe- 
ripherals of the family. It is treated b.ythe systems software 
as an array of peripheral 
I/O ports; three are counters and 
the fourth 
is a control 
register for MODE programming. 


Basically, the select inputs Ao, Al connect 
to the Ao, Al 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected 
to the output of a decoder, such as 
an Intel 8205 for larger systems. 


General 


After 
power-up, the state of the 8254 is undefined. 
The 


Mode, 
count 
value, 
and 
output 
of 
all 
Counters 
are 


undefined. 


How each Counter 
operates 
is determined 
when it is 


programmed. 
Each 
Counter 
must 
be 
programmed 


before it can be used. Unused counters 
need not be pro- 


grammed. 


Programming 
the 8254 


Counters 
are programmed 
by writing 
a Control 
Word 


and then an initial 
count. 


All 
Control 
Words 
are written 
into 
the Control 
Word 


Register, 
which 
is selected 
when A1,Aa= 11. The Con- 


trol Word itself 
specifies 
which 
Counter 
is being 
pro- 


grammed. 


By contrast, 
initial counts are written 
into the Counters, 


not the Control 
Word 
Register. 
The A1,Aa inputs 
are 


used to select the Counter to be written 
into. The format 


of the initial 
count 
is determined 
by the Control 
Word 


used. 


Control Word Format 


A1,Aa= 11 
CS=O 
RD= 1 
WR=O 


SC - 
Select Counter: 


SCl 
sca 
a 
a 
Select Counter a 


a 
1 
Select Counter 1 


1 
a 
Select Counter 2 


1 
1 
Read-Back Command 
(See Read Operations) 


AW - 
AeadIWrlte: 


AWl 
AWa 


a 
a 
Counter Latch Command (see Read 
Operations) 


a 
1 
ReadlWrite least significant 
byte only. 


1 
a 
ReadlWrite most significant 
byte only. 


1 
1 
ReadlWrite least significant 
byte first, 


then most significant 
byte. 


M - 
MODE: 


M2 
Ml 


a 
a 
a 
Mode a 


a 
0 
1 
Mode 1 


X 
1 
0 
Mode 2 


X 
1 
1 
Mode 3 


1 
0 
0 
Mode 4 


1 
0 
1 
Mode 5 


Binary Counter 16-bits 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 


inter 


Write Operations 


The programming procedure for the 8254 is very flexible. 
Only two conventions 
need to be remembered: 


1) For each Counter, the Control Word must be written 


before the initial count is written. 
2) The 
initial 
count 
must 
follow 
the 
count 
format 


specified 
in the Control Word (least significant 
byte 


only, most significant 
byte only, or least significant 


byte and then most significant 
byte). 


Since the Control Word Register and the three Counters 
have separate addresses (selected by the A1,Ao inputs), 
and each Control Word specifies the Counter it applies 
to (SCO,SC1bits), no special instruction 
sequence is re- 


quired. Any programming 
sequence that 
follows 
the 


conventions above is acceptable. 


A new initial count may be written to a Counter at any 
time without affecting the Counter's programmed Mode 
in any way. Counting will be affected as described in the 
Mode definitions. 
The new count must follow the pro- 


grammed count format. 


If a Counter 
is programmed 
to 
read/write 
two-byte 


counts, 
the following 
precaution 
applies: 
A program 


must not transfer control between writing the first and 
second byte to another routine which also writes into 
that 
same Counter. 
Otherwise, 
the 
Counter 
will 
be 


loaded with an incorrect count. 


A1 
Ao 
Al 
Ao 


Control Word - 
Counter 0 
1 
1 
Control Word - 
Counter 2 
1 
1 
LSB of count - 
Counter 0 
0 
0 
Control Word - 
Counter 1 
1 
1 
MSB of count - 
Counter 0 
0 
0 
Control Word - 
Counter 0 
1 
1 
Control Word - 
Counter 1 
1 
1 
LSB of count - 
Counter 2 
1 
0 
LSB of count - 
Counter 1 
0 
1 
MSB of count - 
Counter 2 
1 
0 


MSB of count - 
Counter 1 
0 
1 
LSB of count - 
Counter 1 
0 
1 
Control Word - 
Counter 2 
1 
1 
MSB of count - 
Counter 1 
0 
1 
LSB of count - 
Counter 2 
1 
0 
LSB of count - 
Counter 0 
0 
0 
MSB of count - 
Counter 2 
1 
0 
MSB of count - 
Counter 0 
0 
0 


A1 
Ao 
A1 
Ao 


Control Word - 
Counter 0 
1 
1 
Control Word - 
Counter 1 
1 
1 
Control Word - 
Counter 1 
1 
1 
Control Word - 
Counter 0 
1 
1 
Control Word - 
Counter 2 
1 
1 
LSB of count - 
Counter 1 
0 
1 
LSB of count - 
Counter 2 
1 
0 
Control Word - 
Counter 2 
1 
1 
LSB of count - 
Counter 1 
0 
1 
LSB of count - 
Counter 0 
0 
0 
LSB of count - 
Counter 0 
0 
0 
MSB of count - 
Counter 1 
0 
1 
MSB of count - 
Counter 0 
0 
0 
LSB of count - 
Counter 2 
1 
0 
MSB of count - 
Counter 1 
0 
1 
MSB of count - 
Counter 0 
0 
0 
MSB of count - 
Counter 2 
1 
0 
MSB of count - 
Counter 2 
1 
0 


NOTE: 
IN ALL 
FOUR 
EXAMPLES, 
ALL 
COUNTERS 
ARE 
PROGRAMMED 
TO 
READlWRITE 
TWO-BYTE 
COUNTS. 


THESE 
ARE 
ONLY 
FOUR 
OF 
MANY 
POSSIBLE 
PROGRAMMING 
SEQUENCES. 


Figure 8. A Few Possible Programming Sequences 


Read Operations 


It is often 
desirable 
to read the value of a Counter 


without dist.urbing the count in progress, This is easily 
done in the 8254. 


There 
are three 
possible 
methods 
for 
reading 
the 


Counters. The first is through the Read-Back command, 


which is explained later. The second is a simple read 
operation 
of the Counter, which 
is selected with the 


A1,Ao inputs. The only requirement is that the CLK input 
of the selected 
Counter 
must be inhibited 
by using 


either the GATE input or external logic. Otherwise, the 
count may be in process of changing when it is read, giv- 
ing an undefined result. 


The other method involves a special software command 
called the "Counter 
Latch Command". Like a Control 


Word, this command is written 
to the Control Word 


Register, which is selected when A1,Ao= 11. Also like a 
Control Word, the SCO,SC1bits select one of the three 
Counters, but two other bits, 05 and 04, distinguish this 
command from a Control Word. 


SC1,SCO- 
specify counter to be latched 


SC1 
SCD 
Counter 


0 
0 
0 
0 
1 
1 
1 
0 
2 


1 
1 
Read-BackCommand 


05,04 - 
00 designates Counter Latch Command 


X - 
don't care 


The selected Counter's output 
latch (OL) latches the 


count at the time the Counter Latch Command is re- 
ceived. This count is held in the latch until it is read by 
the CPU (or until the Counter is reprogrammed). The 
count 
is then 
unlatched 
automatically 
and the OL 


returns to "following" 
the counting element (CE). This 
allows reading the contents of the Counters "on the fly" 
without 
affecting 
counting 
in 
progress. 
Multiple 


Counter Latch Commands may be used to latch more 
than one Counter. Each latched Counter's OL holds its 
count until it is read. Counter Latch Commands do not 
affect the programmed Mode of the Counter in any way. 


If a Counter is latched and then, some time later, latch- 
ed again before the count is read, the second Counter 
Latch Command is ignored. The count read will be the 
count at the time the first Counter Latch Command was 
issued. 


With either method, the count must be read according 
to the programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be 
read. The two bytes do not have to be read one right 
after the other; read or write or programming operations 
of other Counters may be inserted between them. 


Another feature of the 8254 is that reads and writes of 
the same Counter may be interleaved; for example, if the 
Counter is programmed for two byte counts, the follow- 
ing sequence is valid. 


1. Read least significant 
byte. 


2. Write new least significant 
byte. 


3. Read most significant 
byte. 


4. Write new most significant 
byte. 


If a Counter 
is 
programmed 
to 
read/write 
two-byte 


counts, 
the following 
precaution 
applies: A program 


must not transfer control between reading the first and 
second byte to another routine which also reads from 
that same Counter. Otherwise, an incorrect count will be 
read. 


READ-BACK 
COMMAND 


The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 


The command is written into the Control Word Register 
and has the format shown in Figure 10. The command 
applies to the counters selected by setting their corre- 
sponding bits 03,02,01 = 1. 


D5: 
0 ~ lATCH 
COUNT 
OF SELECTED 
COUNTER(S) 


D4: 
0 ~ LATCH 
STATUS 
OF SELECTED 
COUNTER(S) 


ll:J: 1 ~ SELECT 
COUNTER 
2 


02: 
1 = SELECT 
COUNTER 
1 


D,: 
1 ~ SELECT 
COUNTER 
0 


Do: 
RESERVED 
FOR 
FUTURE 
EXPANSION: 
MUST 
BE 0 


The read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit 
05=0 and selecting the desired counter(s). This single 
command is functionally 
equivalent to several counter 


latch commands, one for each counter latched. Each 
counter's latched count is held until it is read (or the 
counter is reprogrammed). That counter is automatically 
unlatched when read, but other counters remain latched 
until they are read. If multiple count read-back commands 
are issued to the same counter without reading the count, 
all but the first are ignored; i.e., the count which will be 
read is the count at the time the first read-back command 
was issued. 


The read-back command may also be used to latch 
status 
information 
of selected 
counter(s) by setting 


STATUS bit 04=0. 
Status must be latched to be read; 


status of a counter is accessed by a read from that 
counter. 


inter 


The counter status format is shown in Figure 11. Bits 05 
through DOcontain the counter's programmed Mode ex- 
actly as written in the last Mode Control Word. OUTPUT 
bit 07 contains 
the current state of the OUT pin. This 
allows the user to monitor the counter's output via soft- 
ware, 
possibly 
eliminating 
some 
hardware 
from 
a 
system. 


0,' 
= OUT PIN IS , 
O=OUTPINISO 


06 ~ ::: ~gh~~~~JLABLE 
FOR READING 
DS-DO 
COUNTER PROGRAMMED MODE (SEE FIGURE 7) 


NULL COUNT bit 06 indicates when the last count writ- 
ten to the counter register (CR)has been loaded into the 
counting element (CE). The exact time this happens de- 
pends on the Mode of the counter and is described 
in 


the Mode Definitions, 
but until the count is loaded into 


the counting 
element 
(CE), it can't 
be read from the 


counter. If the count is latched or read before this time, 
the count value will not reflect the new count just writ- 
ten. The operation of Null Count is shown in Figure 12. 


Command 
07 06 05 04 03 O2 0, 00 


CAUSES: 


NULL COUNT=' 


NULL COUNT=' 


C. 
NEW COUNT IS LOADED INTO CE (CR~CE); 
NULL COUNTEO 


[11 ONLY TI<ECOUNTERSPECIFIED BY THE CONTROL WORD WILL HAVE 


ITS NULL COUNT SET TO ,. NULL COUNT BITS OF OTHER COUNTERS 
ARE UNAFFECTED. 


121 IF THE COUNTER IS PROGRAMMED FOR TWO-BYTE COUNTS (LEAST 


SIGNIFICANT BYTE THEN MOST SIGNIFICANT BYTE) NULL COUNT 
GOES TO , WHEN THE SECOND BYTE IS WRITTEN. 


THIS ACTION: 
A. 
WRITE TO THE CONTROL WORD REGISTER:!1] 


B. 
WRITE TO THE COUNT REGISTER (CR);[21 


If multiple 
status latch operations of the counter(s) are 


performed without 
reading the status, all but the first 


are ignored; i.e., the status that will be read is the status 
of the counter at the time the first status read-back com- 
mand was issued. 


Both count and status of the selected counter(s) may be 
latched 
simUltaneously 
by setting 
both 
COUNT and 


STATUS bits 05,04=0. 
This is functionally 
the same as 


issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if mul- 
tiple count and/or status read-back commands are issued 
to the same counter(s) without any intervening reads, all 
but the first are ignored. This is illustrated in Figure 13. 


1 
1 
0 
0 
0 
0 
1 
0 
Read back count and status of 
Count and status latched 
Counter 0 
for Counter 0 


1 
1 
1 
0 
0 
1 
0 
0 
Read back status of Counter 1 
Status latched for Counter 1 


1 
1 
1 
0 
1 
1 
0 
0 
Read back status of Counters 2, 1 
Status latched for Counter 
2, but not Counter 1 


1 
1 
0 
1 
1 
0 
0 
0 
Read back count of Counter 2 
Count latched for Counter 2 


1 
1 
0 
0 
0 
1 
0 
0 
Read back count and status of 
Count latched for Counter 1, 


Counter 1 
but not status 


1 
1 
1 
0 
0 
0 
1 
0 
Read back status of Counter 1 
Command ignored, status 
alreadv latched for Counter 1 


inter 


If both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardless of which was latched first. The next 
one or two reads (depending on whether the counter is 
programmed for one or two type counts) return latched 
count. Subsequent reads return unlatched co_unto 


CS 
RD 
WR 
A1 
Ao 


0 
1 
0 
0 
0 
Write into Counter 0 


0 
1 
0 
0 
1 
Write into Counter 1 


0 
1 
0 
1 
0 
Write into Counter 2 


0 
1 
0 
1 
1 
Write Control Word 


0 
0 
1 
0 
0 
Read from Counter 0 


0 
0 
1 
0 
1 
Read from Counter 1 


0 
0 
1 
1 
0 
Read from Counter 2 


0 
0 
1 
1 
1 
No-Operation (3-State) 


1 
X 
X 
X 
X 
No-Operation (3-State) 


0 
1 
1 
X 
X 
No-Operation (3-State) 


Mode Definitions 


The following 
are defined 
for use in describing 
the 
operation of the 8254. 


ClK 
pulse: a rising edge, then a falling edge, in that 
order, of a Counter's ClK 
input. 


trigger: 
a rising edge of a Counter's GATE input. 


Counter loading: the transfer of a count from the CR 
to the CE (refer to the "Functional 
Description") 


MODE 0: INTERRUPT ON TERMINAL COUNT 


Mode 0 is typically 
used for event counting. After the 
Control Word is written, OUT is initially low, and will re- 
main low until the Counter reaches zero. OUT then goes 
high and remains high until a new count or a new Mode 
o Control Word is written into the Counter. 


GATE= 1 enables counting; 
GATE= 0 disables count- 
ing. GATE has no effect on OUT. 


After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next ClK 
pulse. This ClK pulse does not decrement the count, so 
for an initial count of N, OUT does not go high until N+ 1 
ClK 
pulses after the initial count is written. 


If a new count is written to the Counter, It will be loaded 
on the next ClK pulse and counting will continue from 
the new count. If a two-byte count is written, the follow- 
ing happens: 


1) Writing the first byte disables counting. OUT is set 
low immediately (no clock pulse required) 
2) Writing the second byte allows the new count to be 
loaded on the next ClK pulse. 


This allows the counting sequence to be synchronized 
by software. Again, OUT does not go high until N + 1 
ClK 
pulses after the new count of N is written. 


If an initial count is written while GATE = 0, it will still be 
loaded on the next ClK 
pulse. When GATE goes high, 


OUT will go high N ClK 
pulses later; no ClK 
pulse is 
needed' to load the Counter as this has already been 
done. 


CW=10 
lSS_4 
WRL.rLJ..---------- 


OUT 
~.~ 
_ 
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CW",10 
LSB=3 
WRLJU~------ 


OUT =---' 
r- 


I g I ~~I 


OUT =-==' 
r- 
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NOTE: 
THE FOLLOWING 
CONVENTIONS 
APPLY TO ALL MODE TIMING 
DIAGRAMS: 


1. COUNTERS 
ARE PROGRAMMED 
FOR BINARY 
(NOT BCD) COUNTING 
AND 
FOR 
READINGIWRITING 
LEAST SIGNIFICANT 
BYTE (lSB) 
ONLY. 
2. THE COUNTER 
IS ALWAYS 
SELECTED (e-s ALWAYS 
LOW). 
3. CW STANDS 
FOR "CONTROL 
WORD"; 
CW = 10 MEANS 
A CONTROL 
WORD OF 10, 


HEX IS WRITTEN 
TO THE COUNTER. 


4. LSB STANDS 
FOR "LEAST 
SIGNIFICANT 
BYTE" 
OF COUNT. 


5. NUMBERS 
BELOW 
DIAGRAMS 
ARE COUNT VALUES. 


THE LOWER 
NUMBER 
IS THE LEAST SIGNIFICANT 
BYTE. 


THE UPPER NUMBER 
IS THE MOST SIGNIFICANT 
BYTE. SINCE THE COUNTER 
IS PROGRAMMED 
TO READIWRITE 
LSB ONLY, THE MOST SIGNIFICANT 
BYTE 
CANNOT 
BE READ. 


N STANDS 
FOR AN UNDEFINED 
COUNT. 
VERTICAL 
LINES SHOW TRANSITIONS 
BETWEEN 
COUNT 
VALUES. 


MODE 1: HARDWARE RETRIGGERABLE ONE·SHOT 


OUT will 
be Initially 
high. OUT will go low on the CLK 


pulse following 
a trigger 
to begin 
the one-shot 
pulse, 
and will remain low until the Counter reaches zero. OUT 
will then go high and remain high until 
the CLK pulse 


after the next trigger. 


After 
writing 
the Control 
Word and initial 
count, 
the 


Counter 
is 
armed. 
A 
trigger 
results 
in 
loading 
the 


Counter 
and setting 
OUT low on the next CLK pulse, 
thus starting 
the one-shot 
pulse. An Initial 
count 
of N 


will result In a one-shot pulse N CLK cycles in duration. 
The one-shot 
is retrlggerable, 
hence 
OUT will 
remain 


low for N CLK pulses 
after 
any trigger. 
The one-shot 


pulse can be repeated without 
rewriting 
the same count 


Into the counter. 
GATE has no effect 
on OUT. 


If a new count 
Is written 
to the Counter 
during 
a pne- 
shot pulse, the current 
one-shot 
is not affected 
unless 


the Counter 
is retriggered. 
In that case, the Counter 
is 


loaded with the new count and the one-shot 
pulse con- 
tinues 
until the new count expires. 


CW.12 
LSI_3 
WliLn-J-------- 


CW_12 
LSB.' 
Wli 
LJL.J-------- 


OUT =.:J 
\ 
~r 
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MODE 2: RATE GENERATOR 


This 
Mode 
functions 
like a divide-by-N 
counter. 
It is 


typiclaly 
used to generate a Real Time Clock interrupt. 


OUT will 
initially 
be high. When the Initial 
count 
has 


decremented 
to 1, OUT goes low for One CLK pulse. OUT 


then 
goes 
high again, 
the Counter 
reloads 
the initial 


count and the process 
is repeated. 
Mode 2 is periodic; 


the same sequence 
is repeated 
indefinitely. 
For an in- 
itial 
count 
of N, the 
sequence 
repeats 
every 
N CLK 


cycles. 


GATE= 
1 enables 
counting; 
GATE=O 
disables 
count- 


ing. If GATE goes low during an output pulse, OUT is set 
high immediately. 
A trigger reloads the Counter with the 


initial 
count 
on the next ClK 
pulse; OUT goes low N 


CLK pulses after the trigger. 
Thus the GATE input can 


be used to synchronize 
the Counter. 


After 
writing 
a Control 
Word 
and 
initial 
count, 
the 


Counter will be loaded on the next ClK 
pulse. OUT goes 


low N ClK 
Pulses after the initial 
count is written. 
This 


allows the Counter to be synchronized 
by software 
also. 


CW..,14 
LSB_3 
Wli. 
LJU-------- 


"ok( 
" . 
~u,,'" '" 
Ulllll'y :;equence. It a trigger is received after 
writing a new count but before the end of the current 
period, the Counter will be loaded with the new count on 
the next ClK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded at 
the end of the current counting cycle. 


MODE 
3: SQUARE 
WAVE 
MODE 


Mode 3 is.typically used for Baud rate generation. Mode 
3 is similar to Mode 2 except for the duty cycle of OUT., 
OUTwill initially be high. When half the initial count has 
expired, OUT goes low for the remainder of the count. 
Mode 3 is periodic; the sequence above is repeated in- 
definitely. An initial count of N results in a square wave 
with a period of N ClK cycles. 


GATE= 1 enables counting; 
GATE= 0 disables coun- 
ting. If GATE goes low while OUT is low, OUT is set high 
immediately; no ClK pulse is requIred. A trigger reloads 
the Counter with the initial count on the next ClK pulse. 
Thus the GATE input can be used to synchronize the 
Counter. 


After 
writing 
a Control 
WQrd and initial 
count, 
the 
Counter will be loaded on the next ClK 
pulse: This 
allows the Counter to be synchronized by software also. 


Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current' 
half-cycle of the square wave, the Counter will be loaded 
with the new count on the next ClK pulse and counting 
will continue from the new count. Otherwise, the new 
count will be loaded at the end of the current half-cycle. 


Mode 3 is implemented as follows: 


Even counts: OUT is initially 
high. The initial count is 
loaded on one ClK 
pulse and then is decremented by 
two on succeeding ClK pulses. When the count expires 
OUT changes value and the Counter is reloaded with the 
initial count. The above process is repeated indefinitely. 


Odd counts: 
OUT is initially 
high. The initial 
count 
minus one (an even number) is loaded on one ClK pulse 
and then is decremented by two on succeeding ClK 
pulses. One ClK 
pulse after the count expires, OUT. 


goes low and the Counter is ·reloaded·with the initial 
count minus one. Succeeding ClK 
pulses decrement 
the count by two. When the count expires, OUT goes 
high again and the Counter is reloaded with the initial 
count minus one. The above process is repeated in- 
definitely. 
So for odd counts, OUT will 
be high for 
(N+ 1)/2counts and low for (N- 1)/2counts. 


CW,.,16 
LSB_. 
WfiLJLJ-------------- 


CW:18 
lse.s 
WlfLJLJ-------------- 


CW=16 
LSB.,f 
WlfLJ"LJ-------------- 


OUT will be initially high. When the initial count expires, 
OUT will go low for one ClK 
pulse and then go high 
again. The counting sequence is "triggered" 
by writing 
the initial count. 


GATE= f e'nables counting; GATE'; 0 disables count- 
ing. GATE has no effect on OUT. 
- 


After 
writing 
a Control 
Word and initial 
count, 
the 
Counter will be loaded on the next ClK pulse. This ClK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N+ 1 ClK 
pulses after the initial count is written. 


If a new count is written during counting, it will be load- 
ed on the next ClK 
pulse and counting will continue 
from the new count. If a two-byte oount is written, the 
following happens: 


1) Writing the first byte has no effect on counting. 
2) Writing the second byte allows the new count to be 
loaded on the next ClK pulse. 


This allows the sequence to be "retriggered" 
by soft- 


ware. OUT strobes low N + 1 ClK pulses after the new 
count of N is written. 


CW=18 
LSB::I3 


WJl~ 


GATE 


OUT~ 
'. 
LJ 
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0 
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CW=lA 
LSB=3 
Wll LJU--------- 
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LSB=3 
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MODE 5: HARDWARE TRIGGERED STROBE 
(RETRIGG ERABlE) 


OUT will initially be high. Counting is triggered by a ris· 
ing edge of GATE. When the initial count has expired, 
OUT will go low for one ClK 
pulse and then go high 
again. 


After writing the Control Word and initial count, the 
counter will not be loaded until the ClK pulse after a 
trigger. This ClK pulse does not decrement the count, 
so for an initial count of N, OUTdoes not strobe low un· 
til N+ 1 ClK pulses after a trigger. 


A trigger results in the Counter being loaded with the in· 
itial count on the next ClK 
pulse. The counting 
se· 
quence is retriggerable. OUT will not strobe low for 
N+ 1 ClK pulses after any trigger. GATE has no effect 
on OUT. 


If a new count is written during counting, the curent 
counting sequence will not be affected. If a trigger oc· 
curs after the new count is written but before the cur· 
rent count expires, the Counter will be loaded with the 
new count on the next ClK pulse and counting will con· 
tinue from there. 


OUT 
~ 
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Signal 
Low 
Status 
Or Going 
Rising 
High 
Modes 
Low 


0 
Disables 
-- 
Enables 


counting 
counting 


1 
-- 
1) Initiates 
-- 


counting 
2) Resets output 


after next clock 


2 
1) Disables 


counting 
Initiates 
Enables 


2) Sets output 
counting 
counting 


immediately 
high 


3 
1) Disables 


counting 
Initiates 
Enables 


2) Sets output 
counting 
counting 


immediately 
high 


4 
Disables 
-- 
Enables 
counting 
counting 


5 
-- 
Initiates 
-- 
counting 


l80de 
Mln 
Max 
Count 
Count 


0 
1 
0 


1 
1 
0 


2 
2 
0 


3 
2 
0 


4 
1 
0 


5 
1 
0 


PROGRAMMING 


When a Control Word is written 
to a Counter, all Control 


Logic 
is immediately 
reset and OUT goes to a known 


initial 
state; no CLK pulses are required for this. 


GATE 


The GATE Illput i$ alw~ys sampled on the rising edge of 
CLK. In Modes 0, 2, 3, and 4 the GATE Input 
Is level 


sensitive, 
and the logic 
level Is sampled 
Qn the rising 


edge of CLK. In Modes 1, 2, 3, and 5 the GATE input Is 
rising-edge 
sensitive. 
In these Modell, a rising 
edge of 


GATE (trigger) 
sets 
an edge-sensitive 
flip-flop 
In the 


Counter. This flip-flop 
is then sampled on the next rising 


edge of CLK; the flip-flop 
Is reset immediately 
after It Is 


sampled. In this way, a trigger will be detected 
no matter 


when It occurs-a 
high logic level does not have to be 


maintained 
until the next rising edge of CLK. Note that 
in Modes 2 and 3, the GATE Input is both edge- and level- 
sensitive. 


COUNTER 


New counts 
are loaded and Counters 
are decremented 


on the failing 
edge of CLK. 


The largest possible 
initial count Is 0; this is equivalent 


to 216 for binary counting 
and 104 for BCD counting. 


The Counter 
does 
not stop 
when 
it reaches 
zero. In 


Modes 0, 1,4, and 5 the Counter "wraps 
around" 
to the 


highest 
count, 
either 
FFFF hex for binary counting 
or 


9999 for BCD counting, 
and continues 
counting. 
Modes 


2 and 3 are periodic; 
the Counter 
reloads Itself with the 


initial 
count and continues 
counting 
from there. 


Ambient Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
-65·C 
to + 150·C 


Voltage on Any Pin with 
Respect to Ground 
-0.5V 
to + 7V 


Power Dissipation 
1 Watt 


°NOTlCE: Stresses 
above those listed under 
"Absolute 


Maximum Ratings" 
may cause permanent 
damage to the 


device. This is a stress rating only and functional 
opera- 


tion of the device at these or any other conditions 
above 


those indicated 
in the operational 
sections of this specifi- 


cation 
is not implied. 
Exposure 
to Absolute 
Maximum 


Rating conditions 
for extended periods may affect device 


reliability. 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


V1L 
Input Low Voltage 
-0.5 
0.8 
V 


V1H 
Input High Voltage 
2.0 
Vcc+0.5V 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL=2.0 mA 


VOH 
Output 
High Voltage 
2.4 
V 
10H= -400J.lA 


IlL 
Input Load Current 
±10 
J.tA 
V1N= Vcc to OV 


10FL 
Output 
Float Leakage 
±10 
J.lA 
VOUT= Vcc to OV 


Icc 
Vcc Supply Current 
140 
mA 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
fc= 1 MHz 


CliO 
1/0 Capacitance 
20 
pF 
Unmeasured pins 
returned to Vss 


A.C. CHARACTERISTICS 
(TA=O·C 
to 70·C, Vcc=5V± 
10%, GND=OV) 


Bus Parameters 
(Note 1) 


8254 
8254·2 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAR 
Address Stable Before RD~ 
30 
25 
ns 


tSR 
CS Stable Before Rm 
0 
0 
ns 


tRA 
Address 
Hold Time After ROt 
0 
0 
ns 


tRR 
Rl) Pulse Width 
150 
95 
ns 


tRD 
Data Delay from RD~[21 
120 
70 
ns 


tDF 
ROt to Data Floating 
5 
90 
5 
65 
ns 


tRV 
Command 
Recovery Time 
200 
95 
ns 


Note1: ACtimingsmeasuredat VOH= 2.aV,VOL= a.av. 
Note2: TestConditions:CL= 150 pF. 
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8254 
8254-2 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAW 
Address Stable Before WRJ 
0 
0 
ns 


tsw 
CS Stable Before WRJ 
0 
0 
ns 


tWA 
Address Hold Time WRi 
0 
0 
ns 


tww 
WR Pulse Width 
150 
95 
ns 


tDW 
Data Setup Time Before WRi 
100 
95 
ns 


tWD 
Data Hold Time After WRi 
0 
0 
ns 


tRY 
Command Recovery Time 
200 
95 
ns 


8254 
8254-2 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


telK 
Clock Period 
200 
DC 
100 
DC 
ns 


tpWH1 
High Pulse Width 
60 
30 
ns 


tpWl 
Low Pulse Width 
60 
40 
ns 


tR 
Clock Rise Time 
100 
100 
ns 


tF 
Clock Fall Time 
100 
100 
ns 


tGW 
Gate Width High 
50 
50 
ns 


tGl 
Gate Width Low 
50 
50 
ns 


tGS1 
Gate Setup Time to CLKT 
50 
40 
ns 


tGH 
Gate Hold Time After CLKT 
50 
50 
ns 


tOD 
Output Delay from CLKJ 
150 
100 
ns 


tODG 
Output Delay from GateJ 
120 
90 
ns 


NOTES: 
1. If the gate input is used asynchronously 
tpwH = 50 ns, tGS= 50 ns for 8254-2. 


2.4=X 
x= 


2.0 
2.0 


0.8> TEST 
POINTS < 0.8 


0.45 
----------- 
IC' = lS0pF 
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WAVEFORMS 


WRITE 


IRECOYERY 


CLOCK AND GATE 
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8255A/8255A·5 
PROGRAMMABLE 
PERIPHERAL INTERFACE 


• MCS-85 ™ 
Compatible 
8255A-5 


• 24 Programmable 
110 Pins 


• Completely 
TTL Compatible 


• Fully Compatible 
with Intel@ Micro- 


processor Families 


• Improved Timing Characteristics 


• Direct Bit Set/Reset 
Capability 
Easing 


Control Application 
Interface 


The Intell!> 8255A is a general purpose programmable 
I/O device designed 
for use with Intell!> microprocessors. 
It has 
241/0 pins which may be individually 
programmed 
in 2 groups of 12 and used in 3 major modes of operation. 
In the first 
mode (MODE 0), each group of 121/0 pins'may be programmed 
in sets of 4 to be input or output. 
In MODE 1, the second 
mode, each group may be programmed 
to have 8 lines of input or output. Of the remaining 
4 pins, 3 are used for hand· 
shaking and interrupt 
control 
signals. The third mode of operation 
(MODE 2) is a bidirectional 
bus mode which uses 8 
lines for a bidirectional 
bus, and 5 lines, borrowing 
one from the other group, for handshaking. 
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send the data or status information 
to the CPU on the 


data bus. In essence, it allows the CPU to "read from" 
the 8255A. 


The 8255A is a programmabJe peripheral interface (PPI) 
device 
designed 
for 
use 
in 
Intel@) microcomputer 


systems. 
Its function 
is that of a general purpose I/O 


component 
to interface 
peripheral 
equipment 
to the 


microcomputer 
system bus. The functional 
configura- 
tion of the 8255A is programmed by the system software 
so that normally no external logic is necessary to inter· 
face peripheral devices or structures. 


Data Bus Buffer 


This 3·state bidirectional8·bil 
buffer is used to interface 


the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions 
by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manageall of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol 
bussesand in turn, issuescommands to both of the 


Control Groups. 


(CS) 


Chip Select. A "low" 
on this input pin enables the com- 


muniction 
between the 8255A and the CPU. 


(WR) 


Write. A "low" on this input pin enables the CPU to write 
data or control words into the 8255A. 


(Ao and A1) 


Port Select 0 and Port Select 1. These input signals, in 
conjunction 
with the RD and WR inputs, control 
the 


selection of one of the three ports or the control word 
registers. 
They are normally 
connected 
to the 
least 


significant 
bits of the address bus (Aoand A,). 


A1 
Ao 
RD 
WR 
CS 
INPUT 
OPERATION 
(READ) 


0 
0 
0 
1 
0 
PORT A= 
DATA 
BUS 


0 
1 
0 
1 
0 
PORT B = DATA 
BUS 


1 
0 
0 
1 
0 
PORT C= 
DATA 
BUS 


OUTPUT 
OPERATION 


(WRITE) 


0 
0 
1 
0 
0 
DATA 
BUS= 
PORT A 


0 
1 
1 
0 
0 
DATA 
BUS = PORT 
B 


1 
0 
1 
0 
0 
DATA 
BUS- 
PORT C 
1 
1 
1 
0 
0 
DATA 
BUS = CONTROL 


DISABLE 
FUNCTION 


X 
X 
X 
X 
1 
DATA 
BUS = 
3-STATE 


1 
1 
0 
1 
0 
IllEGAL 
CONDITION 


X 
X 
1 
1 
0 
DATA 
BUS = 3-STATE 


inter 


Reset. A "high on this input clears the control register 
and all ports (A, C, C) are set to the input mode. 


Group 
A and Group 
B Controls 


The functional 
configuration 
of each port is program- 


med by the systems software. In essence, the CPU "out- 
puts" a control word to the 8255A.The control word con- 
tains information such as "mode", "bit set", "bit reset", 
etc., that initializes 
the functional 
configuration 
of the 
8255A. 


Each of the Control 
blocks (Group A and Group B) accepts 


"commands" 
from 
the Read/Write 
Contr~1 Logic, receives 


"control 
words" 
from 
the internal 
data bus and issues the 


proper commands to its associated ports. 


Control 
Group A - 
Port A and Port C upper (C7-C4) 


Control Group B - 
Port B and Port Clower 
(C3-CO) 


The Control 
Word 
Register can Only 
be written 
into. 
No 
Read operation 
of the Control 
Word 
Register is allowed. 


Ports A, B, and C 


The 8255A contains three 8-bit ports (A, S, and C). All 
can be configured in a wide variety of functional charac- 
teristics 
by the system software but each has its own 


special features or "personality" 
to further enhance the 


power and flexibility 
of the 8255A. 


Port A. One 8·bit data output latch/buffer and one 8-bit 
data input latch. 


Port B. One 8·bit data input/output 
latch/buffer and one 


8-bit data input buffer. 


Port C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided 
into two 4·bit ports under the mode control. 


Each 4·bit port contains a 4·bit latch and it can be used 
for the control signal outputs and'status signal inputs in 
conjunction 
with ports A and S. 


LJ, 
01) 
DATA BUS (BI·DIRECTIONAL) 


RESFT 
RESET INPUT 
cs 
CHIP SELECT 


RO 
READ 
INPUT 


WR 
WRITE 
INPUT 


AD.A1 
PORT ADDRESS 


PA7 PAD 
PORT A IBIT) 


P87 
PRO 
PORT 
A 'RITI 


PC7PCO 
PORT C {BITI 


Vce 
-5 VOlTS 


GNO 
"VOLTS 


Figure 4. 
8225A 
Block Diagram 
Showing 
Group A and 
Group 
B Control 
Functions 
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Mode Selection 


There are three basicmodesof operation that can be select- 
ed by the systemsoftware: 


Mode 0 - BasicInput/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bi-Directional Bus 


When the reset input goes "high" all ports will be set to 
the input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 


The modesfor Port A and Port B can be separatelydefined, 
while Port C is divided into two portions asrequired by the 
Port A and Port B definitions. All of the output registers,in- 
cluding the status flip-flops, will 
be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" 
to almost any I/O 


structure. For instance; Group B can be programmed in 
Mode0 to monitor simple switch closingsor display compu- 
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape readeron an interrupt-driven 
basis. 


C 
MODE 2 --:. 


=tWo !!!! 
! I ! I 
~'.DIRECTIONAL 


PB7"PBO 
I/O 
~,-C-O-N-+-RO-L~' 
PA7"pAo 


Figure 5. Basic Mode Definitions 
and Bus Interface 


PORT B 
, "INPUT 
0'" OUTPUT 


MODE SELECTION 
0- 
MODE 0 
1 = MODE 
1 


PORT C (UPPER) 
1 •• INPUT 
0= 
OUTPUT 


PORT A 
'-INPUT 
0'" OUTPUT 


MODE SELECTION 
00:: MODE 0 
01'" 
MODE 
1 
lX=MQDE2 


The mode definitions 
and possible mode combinations 


may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap- 
proach will surface. The design of the 8255A has taken 
into account things such as efficient 
PC board layout, 


control 
signal definition 
vs PC layout and complete 


functional 
flexibility 
to support almost any peripheral 


device with no external logic. Such design represents 
the maximum use of the available pins. 


Single Bit Set/Reset Feature 


Any of the eight bits of Port C can beSet or Resetusinga 
single OUTput instruction. This feature reducessoftware 
requirementsin Control-basedapplications. 
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BIT SET/RESET 
1· 
SET 
0- 
REseT 


When Port C is being usedasstatus/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just asif they were data output ports. 


Interrupt Control Functions 


When the 8255A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt 
request inputs to the CPU. The interrupt 
reo 


quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function 
of port C. 


This function allows the Programmerto disallow or allow a 
specific I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 


INTE flip-flop definition: 


(BIT-SET) - INTE is SET - Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 


Note: All 
Mask flip·flops 
are automatically 
reset during 


mode selection and device Reset. 


MODE 0 (Basic Input/Output). This functional 
configura- 


tion 
provides 
simple 
input and output 
operations 
for 


each of the three ports. No "handshaking" 
is required, 
data is simply written to or rearl from a specified 
port. 


Mode a Basic Functional Definitions: 


• 
Two 8-bit ports and two 4-bit ports. 


• 
Any port can be input or output. 


• 
Outputs are latched. 


• 
Inputs are not latched. 
• 
16 different Input/Output configurations are possible 
in this Mode. 


OUTPUT 
b_~.=4- 
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A 
B 
GROUPA 
GROUPB 


PORTC 
PORT 
C 
04 
03 
01 
00 
PORT 
A 
(UPPER) 
# 
PORT 
B 
(LOWER) 


0 
0 
0 
0 
OUTPUT 
OUTPUT 
0 
OUTPUT 
OUTPUT 


0 
0 
0 
1 
OUTPUT 
OUTPUT 
1 
OUTPUT 
INPUT 


0 
0 
1 
0 
OUTPUT 
OUTPUT 
2 
INPUT 
OUTPUT 
0 
0 
1 
1 
OUTPUT 
OUTPUT 
3 
INPUT 
INPUT 


0 
1 
0 
0 
OUTPUT 
INPUT 
4 
OUTPUT 
OUTPUT 


0 
1 
0 
1 
OUTPUT 
INPUT 
5 
OUTPUT 
INPUT 
0 
1 
1 
0 
OUTPUT 
INPUT 
6 
INPUT 
OUTPUT 


0 
1 
1 
1 
OUTPUT 
INPUT 
7 
INPUT 
INPUT 


1 
0 
0 
0 
INPUT 
OUTPUT 
8 
OUTPUT 
OUTPUT 


1 
0 
0 
1 
INPUT 
OUTPUT 
9 
OUTPUT 
INPUT 


1 
0 
1 
0 
INPUT 
OUTPUT 
10 
INPUT 
OUTPUT 


1 
0 
1 
1 
INPUT 
OUTPUT 
11 
INPUT 
INPUT 


I 
1 
1 
0 
0 
INPUT 
INPUT 
12 
OUTPUT 
OUTPUT 


1 
1 
0 
1 
INPUT 
INPUT 
13 
OUTPUT 
INPUT 


1 
1 
1 
0 
INPUT 
INPUT 
14 
INPUT 
OUTPUT 


1 
1 
1 
1 
INPUT 
INPUT 
15 
INPUT 
INPUT 


CONTROL 
WORD #0 


0, 
0, 
05 
04 
03 
02 
01 
DO 
= 


CONTROL 
WORD #2 


07 
06 
05 
04 
D3 
02 
0, 
DO 
= 


A 
8, 


8255A 
, 


c{ 
, 


1 
8 
8 


PArPAo 
A 
PArPAo 


8256A 


PC7·PC4 
c{ 


PC7-PC4 


°7,°0 


Pel-pea 
Pe3-pea 


P~.PBo 
i 
,8 
PB7·PBo 


CONTROL 
WORD #1 


0,. 
D, 
Os 
0. 
D3 
02 
D, 
Do 
= 


CONTROL 
WORD #3 


07 
D6 
05 
0. 
°3, 
02 
01 
00 
= 


A 
8 


8256A 


c{ 


, 


i" 


8 
8 


~ _.L 
r _ .. .. ~-~-1 
"'0 
0, 
0, 
05 
0, 
0, 
0, 
0, 
0, 
= 
= 


A 


8 
PA7·pAo 
A 
,8 
PA7-PAo 
, 
} 


8255A 
8255A 
• 
PC7-Pe4 
'. 
c{ 


, 
c{ 


PC7-PC4 


°7-°0 
• 
°7-°0- 
• 
PC3-PCO 
• 
I 
PCl-PCO 


8 
8 
PBrPBo 
8 


8 
PB7-PBo 


CONTROL 
WORD #5 
CONTROL 
WORD #9 


0, 
0, 
05 
0, 
0, 
O2 
0, 
0, 
0, 
0, 
05 
0, 
0, 
0, 
0, 
0, 
= 
= 


A 
8 
PA7·pAo 
A 
,8 
PA7-PAo 
} 


8255A 
8255A 
• 
• 
c{ 


Pe7-PC4 
c{ 


PC7-PC4 


07-00 
• 
07-00 
• 


• 
Pel-PCO 
. 
'. 
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} 


8 
8 
8 
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• 
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WORD #6 
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0, 
0, 
05 
0, 
0, 
O2 
0, 
0, 
0, 
0, 
05 
0, 
0, 
0, 
0, 
0, 
= 
= 


8 
A 
8 


A 
PA7-PAo 
PA7-PAo 


8255A 
8255A 
• 
• 
c{ 


PC7,PC4 
c{ 


PC7-PC4 


0]"°0 
• 
07-00-- 
• 
• 
, 
PC3-PCO 
PC3"PeO 


8 
8 
PB7-PBo 
• 


,8 
, 
} 
PB7-PBO 


CONTROL 
WORD #7 
CONTROL 
WORD #11 


0, 
O. 
05 
0, 
0, 
O2 
0, 
0, 
0, 
0, 
05 
0, 
0, 
0, 
0, 
0, 
= 
= 


A 
8 
8 
I 
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A 
, 
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8255A 
8255A 
• 
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c{ 


, 
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c{ 


T 
PC7-PC4 
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-, 
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CONTROL 
WORD #12 


01 
06 
Os 
0" 
03 
02 
0, 
DO 
= 


A 
I 
,8 


8255A 


4 


c{ 


4 


8 
,8 


CONTROL 
WORD #13 


07 
06 
05 
D4 
03 
02 
0, 
DO 
= 


A 
8 


8255A 
4 
c{ 


,4 


B 
,8 


CONTROL WORD #14 


07 
06 
Os 
D4 
03 
02 
0, 
DO 
= 


A 
},8 


8255A 
c{ 


} 
,4 


4 


B 
},8 


CONTROL 
WORD #15 


0] 
06 
Os 
04 
03 
02 
0, 
00 
= 


A 
8 
., 


8255A 


4 
. 
c{ 


4 


B 
8 
., 


MODE 
1 (Strobed Input/Output). This functional 
con- 


figuration provides a means for transferring I/O data to 
or from a specified port in conjunction with strobes or 
"handshaking" 
signals. In mode 1, port A and Port B use 
the lines on port C to generate or accept these "hand- 
shaking" signals. 


Mode 1 BasicFunctional Definitions: 


• 
Two Groups(Group A and Group B) 
• 
Eachgroup containsone 8-bit data port and one 4-bit 
control/data port. 


• 
The 8-bit data port can be either input or output. 
Both inputs and outputs arelatched. 


• 
The 4-bit port is used for control and status of the 
8-bit data port. 


inter 


STB (Strobe 
Input). A "low" 
on this Input loads 
data 
into 


the 
input 
latch. 


A "high" 
on this output 
indicates 
that 
the data has been 


loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input 
being low and is reset by the rising 


edge of the RD input. 


INTR (Interrupt 
Request) 


A "high" 
on this output 
can be used to interrupt 
the CPU 


when 
an input device is requesting 
service. INTR is set by 


the 
STB is a "one", 
IBF is a "one" 
and INTE is a "one". 
It is reset by the falling edge of RD. This procedure 
allows 


an input device to request 
service from the CPU by simply 


strobing 
its data into the port. 


INTE 
A 


Controlled 
by bit set/reset 
of PC4' 


INTE B 


OBF (Output 
Bulfer 
Full F/F). The OBF output 
will 
go 


"low" 
to Indicate 
that the CPU has written 
data out to 
the specified 
port. The OBF F/F will be set by the rising 
edge of the WR Input and reset by ACK Input being low. 


ACK (Acknowledge 
Input). A "low" 
on this Input Informs 
the 8255A that the data from port A or port B has been ac- 
cepted. 
In essence, 
a response 
from 
the 
peripheral 
device Indicating 
that It has received the data output 
by 
the CPU. 


INTR (Interrupt 
Request). A "high" 
on this output can be 
used to interrupt 
the CPU when an output device has ac- 
cepted 
data transmitted 
by the CPU. INTR Is set when 
ACK Is a "one"; 
OBF Is a "one" 
and INTE Is a "one". 
II Is 
reset by the failing 
edge of WR. 


INTEA 


Controlled 
by bit set/reset 
of PCG. 


INTEB 


Controlled 
by bit set/reset 
of PC2. 


CONTROL 
WORD 


Ot De 05 D. 0) Oz 0, 
Do 
I ' 10 I. I ol·ror><rXlX] 


[ 
~';~PUT 


0" 
OUTPUT 


CONTROL 
WORD 


0, De 05 D. 03 02 0, 
Do 


. rn><tXJXl ' I 0 t><] 


inter 


Port A and Port B-can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications.' 
. 


PC, 
OBFs'-, 
PC2 
-ACKa 


PB7,PBO 


PC, 
STBB 


PC, 
IBFs 


PCo 
INTRa 


MODE 2 (Strobed Bidirectional Bus I/O).This functional 
configuration 
provides a means for communicating with 
a peripheral device or structure on a single B-bit bus for 
both transmitting 
and receiving data (bidirectional 
bus 
I/O). "Handshaking" 
signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
also available. 


MODE 2 Basic Functional Definitions: 
• 
Usedin Group A only. 


• 
One B-bit, bi-directional busPort (Port A) anda 5-bit 
control Port (Port C). 


• 
Both inputs and outputs are latched. 
• 
The 5-bit control port (Port C) is used for control 
and status for the B-bit, bi-directional bus port (Port 
A). 


",,-~'t"". 
~ 
~.. 
,,' 


INTR (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output opera- 
tions. 


OBF (Output Buffer Ful). The OBF output will go "low" 
to indicate that the CPU has written data out to port A. 


ACK (Acknowledge). A "low" 
on this input enables the 
tri-stafe output buffer of port A fa send out the data. 
Otherwise, 
the output 
buffer will 
be in the high im- 


pedance state. 


INTE 1 (The INTE Flip·Flop Associated with OBF). Can· 
trolled by bit set/reset of PC6. 


Input Operations 


STB (Strpbe.lnput) 


. STB (Strobe Input). A "low" on this input loads data into 
the input latch. 
_. 


IBF (Input Buffer Full F/F). A "high" 
on this output in- 
dicates that data has b_eenloaded into the input latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). Can· 
trolled by bit set/reset of PC4. 


inter 


PC2~ 
1 '" INPUT 
a-OUTPUT 


PORT B 


1"" 
INPUT 
O=OUTPUT 


GROUP B MODE 
0= 
MODE 0 
l=MODEl 


NOTE: 
Any 
sequence where WR occurs before 
ACK 
and STB occurs before 
R D is permissible. 


(INTR 
= IBF • MASK· 
STB • RD + OBF 
• MASK' 
ACK· 
WR) 
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CONTROL 
WORD 


D7 
06 
05 
04 
D3 02 
01 
DO 
I, I, M><1XJol'0J 


PC2-{lJ 
1 = INPUT 
0= OUTPUT 


CONTROL 
WORD 


D7 06 
0S" 04 
D3 02 
01 
DO 
I ' I ' txIXl><J 0I 013 


PC2.oJ 


1 = INPUT 
0'" OUTPUT 


PC, 


-" 
PA7"PAO 
B 
'r 
-,/ 


PC, 


RD 
PC, 


0, 
0, 
Do 
, 1 0 1)<] 
PC, 


PC, 


PB7"PSO 
-" 
B 
- 
-V 


PC, 


PC,- 


PCo 


D7 06 
05 
04 
03 
02 
01 
DO 
I'I'~ 


PC, 


"- 
PA7-PAc 
8 -V 


PC, 


PC, - 


PC, 


PC, 


A 


PB7-PSO 
8 
I 


PC, ---- 


, 
PC, 


, 
PCo 
I 


inter 


MODE 
0 
IN 
'OUT 


PAO 
IN 
OUT 


PAt 
IN 
OUT 


PA2 
IN 
OUT 


PA3 
IN 
OUT 
, 


PA.\ 
IN 
OUT 
PAS 
IN 
,OUT 


PAS 
IN 
OUT 
PA7 
IN 
OUT 


PBO 
IN 
OUT 


PBt 
IN 
OUT 
PB2 
IN 
OUT 


PB3 
IN 
OUT 
PB4 
IN 
'OUT 
PBS 
IN 
OUT 


PBS 
IN 
OUT 


PB7 
IN 
OUT 


PCO 
IN 
OUT 
PCt 
IN 
OUT 
PC2 
IN 
OUT 


PC3 
IN 
,OUT 


PC4 
IN 
OUT 
PCS 
IN 
OUT 
PCS 
IN 
OUT 
PC7 
IN 
OUT 


MODE 
1 
IN 
OUT 


, 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT, 


IN 
OU~ 
IN 
OUT 
IN 
OUT. 


IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 


INTRB 
INTRB 
IBFB 
OBFB 
STBB 
ACKB 
INTRA 
INTRA 
STBA 
1/0 
IBFA 
1/0 


1/0 
ACKA 


1/0 
OBFA 


Special Mode Combination 
Considerations 


There are several combinations 
of modes when not all of the 
bits in Port C are used for control 
or status. The remaining 
bits can be used as follows: 


If Programmed 
as Inputs- 
All input 
lines can be accessed during 
a normal 
Port C 
read. 


If Programmed 
as Outputs 
- 
Bits in C upper 
(PCrPC4) 
must be individually 
accessed 
using the bit set/reset 
function. 


Bits in Clower 
(PC3-PCO) 
can be accessed usihg the bit 
set/reset 
function 
or accessed as a threesome 
by writing 


into Port C. 


.i 


Source Current Capability 
on Port B and Port C 


Any 
set of eight 
output 
buffers, 
selected 
randomly 
from 
Ports 
Band 
C can source 
1mA at 1.5 volts. Th'is feature 
allows 
the 
8255 
to directly 
drive Darlington 
type 
drivers 
and high-voltage 
displays 
~hat require 
such source current. 


Reading Port C Status 


In Mode 0, Port C transfers 
data to or from the peripheral 
device. When the 8255 is programmed 
to function 
in Modes 
1 or 2, Port C generates 
or accepts 
"hand-shaking" 
signals 
with the peripheral 
device. 
Reading the contents 
of Port C 


MODE 
0 
OR MODE 
1 
ONLY 


1/0 


1/0 


1/0 


INTRA 
STBA 


IBFA 


,ACKA 
OBFA 


allows the programmer 
to test or verify the "status" 
of each 
peripheral 'device and char'lge the program flow accordingly. 


There 
is no special 
instruction 
to read the status 
informa- 


tion 
from 
Port 
C. A nprmal 
read operation 
of Port 
C is 


executed 
to perforl)1 this function., 


INPUT 
CONFIGUAAT!ON 


D5 
03 
02 


______ 
GROUP B 


(DEFINED 
BY MODE 0 OR MODE 
1 SELECTION' 


The 8255A is 
a very 
powerful 
tool 
for 
interfacing 
peripheral equipment to the microcomputer 
system. It 


represents the optimum use of available pins and is flex- 
ible enough to interface almost any I/O device without 
the need for additional external logic. 


Each peripheral 
device 
in a microcomputer 
system 


usually has a "service routine" associated with it. The 
routine 
manages the software 
interface 
between the 


device and the CPU. The functional 
definition 
of the 


8255A is programmed by the I/O service routine and 
becomes an extension of the system software. By ex- 
amining 
the I/O devices interface characteristics 
for 


both data transfer and timing, and matching this infor- 
mation to the examples and tables in the detailed opera- 
tional description, 
a control word can easily be devel- 


oped to initialize the 8255A to exactly "fit" 
the applica- 


tion. Figures 19 through 25 present a few examples of 
typical applications of the 8255A. 
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Figure 21. Keyboard and Terminal Address 


Interface 


PA" 
lSB 


PA, 


PA, 


PA, 


PA, 


MODE 
0 
PII,; 1----- 


(OUTPUT) 
P" 
12·BlT 
PA, 
D·A 
~ 


CONVERTER 


PC, 
{OAel 


PC,; 


82 •• A 


PC, 


PC, 
MSB 
r 


STB 
DATA 


PC, 
OUTPUT 
EN 


BIT 


SET/RESET 
PC, 
SAMPLE 
EN 


PC, 
STB 


PB. 
lSB 


PB, 
S-BIT 
A·D 
PB, 
CONVERTER - 


MODE 
0 
PB, 
(ADel 


UNPurl 
PB,.... 


PB, 


PB, 
MSB 


sri 


PC, 
PAo 
D. 


PA, 
0, 


PAl 
0, 


PA, 
0, 
FLOPPY 
DISK 


PAo 
0, 
CONTROLLER 


AND 
DRIVE 


PA, 
0, 


MODE 
2 
PAo 
0, 


PA, 
0, 


PC, 
DATA 
STB 


PC, 
ACK UN) 


PC, 
DATA 
READY 


PC, 
ACK 
(OUT) 


8255A 


PC, 
TRACK 
"0" 
SENSOR 


pc. 
SYNC 
READY 


PC, 
INDEX 
r 


ENGAGE 
HEAO 


PB, 
FORWARDIREV. 


PB, 
READ 
ENABLE 


MODE 
0 
PBl 
WRITE 
ENABLE 


(OUTPUT) 
pa. 
DISC 
SELECT 
Po, 
ENABLE 
CRe 


PB, 
TEST 


PB, 
BUSY 
LT 


EST-I 


PC, 
PA" 
R. 


PA, 
R, 
CRT CONTROllER 


PA, 
R, 
• 
CHARACTER 
GEN. 


PA, 
R, 
• 
REFRESH 
BUFFER 


PA, 
R, 
• 
CURSOR 
CONTROL 


PII,; 
R, 


MODE 
1 
P" 
SHIFT 


(OUTPUT) 
PA, 
CONTROL 


PC, 
DATA READY 


PC, 
ACK 


PC, 
BLANKED 


PC, 
BLACK/WHITE 
8255. 


PC, 
ROWSTB 


PC, 
COLUMN 
STB 
pc. 
CURSOR HN STB 


PB. 


MODE 
0 
PB, 


(OUTPUT) 
PB, ---- 
PB, 
} ro"~,"~=,_, 


ADDRESS 
PB, 
H&V 
PB, 


PB, 


PB, 


T1 


PC, 
PA" 
R. 


PA, 
R, 


PA, 
R, 
S LEVEL 


PAPER 
PA, 
R, 
TAPE 


PA, 
R, 
READER 


MODE 
1 
PII,; 
R, 


!lNPUTI 
PA, 
R, 
.. 


PA, 
R, 


PC, 
STB 


PC, 
= 
PC, 
STOP/GO 


8255A 
MACHINE 
TOOL 


{PC. 
START!STOP 


MODE 
0 
PC 
LIMIT 
SENSOR 
IHNI 
!INPUT) 
1 
PC, 
OUTOF 
FLUID 
r 


CHANGE 
TOOL 


PB, 
LEFT/RIGHT 


PB, 
UP/OOWN 


MOOE 
0 
PB3 
HOR. 
STEP 
STROBE 


(OUTPUT! 
PB4 
VERT. 
STEP 
STROBE 


PB, 
SLEW!STEP 


PB, 
FLUIO 
ENABLE 


PB, 
EMERGENCY 
STOP 


"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This ;s a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute maximum 


rating conditions for extended periods may affect device 
reliability. 


Ambient 
Temperature 
Under 
Bias 
O°C to 70°C 


Storage Temperature 
_65°C 
to +150°C 


Voltage 
on Any 
Pin 


With 
Respect to Ground 
-0.5V 
to +7V 


Power Dissipation 
...............•....... 
1 Watt 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VIL 
Input 
Low Voltage 
-0.5 
0.8 
V 


VIH 
Input 
High Voltage 
2.0 
Vee 
V 


VOL (DB) 
Output 
Low Voltage 
(Data Bus) 
0.45 
V 
IOL = 2.5mA 


VoL(PER) 
Output 
Low Voltage 
(Peripheral 
Port) 
0.45 
V 
IOL = 1.7mA 


VOH(DB) 
Output 
High Voltage 
(Data Bus) 
2.4 
V 
IOH = -400,uA 


VOH(PER) 
Output 
High Voltage 
(Peripheral 
Port) 
2.4 
V 
IOH = -200,uA 


IDARI!) 
Darlington 
Drive Current 
-1.0 
-4.0 
mA 
REXT = 750.\1; VEXT= 
1.5V 


Ice 
Power Supply 
Current 
120 
mA 


IlL 
In put 
Load Current 
±10 
,uA 
V1N = Vee to OV 


IOFL 
Output 
Float 
Leakage 
±10 
.uA 
VOUT = Vee to OV 


NOTE: 
1. Available on any 8 pins from Port Band 
C. 


Symbol. 
Parameter 
Min. 
Typ. 
Max. 
Unit 
Test Conditions 


CIN 
Input 
Capacitance 
10 
pF 
fc = lMHz 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins returned 
toGND 


A.C. CHARACTERISTICS 
(TA = ooe to looe. Vcc = +5V ± 5%. GND = OV) 


Bus Parameters 


READ 


8255A 
8255A-5 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAR 
Address Stable Before 
READ 
0 
0 
ns 


tRA 
Address 
Stable After 
READ 
0 
0 
ns 


tRR 
READ 
Pulse Width 
300 
300 
ns 


tRD 
Data Valid 
From 
READI!I 
250 
200 
ns 


tDF 
Data Float 
After 
READ 
10 
150 
10 
100 
ns 


tRV 
Time 
Between 
READs 
and/or 
WR ITEs 
850 
850 
ns 


A.C. CHARACTERISTICS 
(Continued) 


WRITE 


8255A 
8255A-5 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAW 
Address 
Stable 
Before 
WR IT E 
0 
0 
ns 


tWA 
Address 
Stable 
After 
WR ITE 
20 
20 
ns 


tww 
WRITE 
Pulse Width 
- 
400 
300 
ns 


tDW 
Data 
Valid 
to WR ITE 
(T. E.) 
100 
100 
ns 


tWD 
Data Valid 
After 
WR ITE 
30 
30 
ns 


8255A 
8255A-5 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tWB 
WR = 1 to Outputl11 
350 
350 
ns 


tlR 
Periphera I Data Before 
R D 
0 
0 
ns 


tHR 
Peripheral 
Data After 
RD 
0 
0 
ns 


tAK 
ACK 
Pulse Width 
300 
300 
ns 


tST 
STB Pulse Width 
500 
500 
ns 


tps 
Per. Data 
Before 
T.E. 
of STB 
0 
0 
ns 


tPH 
Per. Data After 
T.E. 
of STB 
180 
180 
ns 


tAD 
ACK 
= 0 to Outputl11 
300 
300 
ns 


tKD 
ACK 
= 1 to Output 
Float 
20 
250 
20 
250 
ns 


tWOB 
WR = 1 to OBF = 0111 
650 
650 
ns 


tAOB 
ACK 
= Oto 
OBF = 1111 
350 
350 
ns 


tSIB 
STB = 0 to 
IBF = 1111 
300 
300 
ns 


tRIB 
RD = 1 to 
IBF = 0111 
0 
300 
300 
ns 


tRIT 
R D = 0 to 
I NTR = 0' 11 
400 
400 
ns 


tSIT 
STB = 1 to 
INTR 
= 1111 
300 
300 
ns 


tAIT 
ACK 
= 1 to 
INTR 
= 1111 
350 
350 
ns 


tWIT 
WR = Oto 
INTR 
= 011,31 
450 
450 
ns 


NOTES: 
1. Test Conditions: 
8255A: CL = 100pF; 8255A-5: CL = 150pF. 


2. Period of Reset pulse must be at least 50ILS during 
or after power on. Subsequent 
Reset pulse can be 500 ns min. 


3. INTRi 
may occur as early as WR~. 


A C TESTING 
INPUTS 
ARE DRIVEN 
AT 2 4V FOR A LOGIC 
1 
AND QASV FOR 


A LOGIC 
0 
TIMING 
MEASUREMENTS 
ARE MADE 
AT 20V 
FOR A LOGIC 
1 


AND 0 BV FOR A LOGIC 
a 


OUTPUT 
L,.d_ 


inter 


inter 


I 
------+--- 
- l-tR1B 


NOTE: 
Any sequence where WR occurs before 
ACK 
and STBoccurs 
before 
RD 
is permissible. 
(INTR 
= ISF • MASK· 
STS • RD + OSF • MASK· 
ACK 
• WR) 


Ao-1'CS==:Jt __ 
~_ 


1---tAW~ 
-r:l->-, 


DATA BUS 
"i' 
~ 
--'f- 
I'DW __ 
'WD; 


8:w 


8275 
PROGRAMMABLE 
CRT CONTROLLER 


• Programmable 
Screen and Character 
Format 


• 6 Independent 
Visual Field Attributes 


• 11 Visual Character Attributes 


(Graphic Capability) 


• Cursor Control (4 Types) 


• Light Pen Detection 
and Registers 


• Fully MCS·80™ and MCS·8S™ 


Compatible 


• Dual Row Buffers 


• Programmable 
DMA Burst Mode 


• Single + SV Supply 


• 40·Pin Package 


The Intel$ 8275 Programmable CRT Controller 
is a single chip device to interface CRT raster scan displays with 
Intel$ microcomputer 
systems. Its primary function 
is to refresh the display by buffering the information 
from main 
memory and keeping track of the display position of the screen. The flexibility 
designed into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 


Pin 
Symbol 
No. 
Type 
Name and Function 


LCs 
1 
0 
Line Count: 
Output from the line count- 
LC. 
2 
er which is used to address the charac- 
LC, 
3 
ter generator for the line positions on the 
LCo 
4 
screen. 


DRQ 
5 
0 
DMA Request: 
Output 
signal 
to the 
8257 DMA controller 
requesting a DMA 
cycle. 


DACK 
6 
I 
DMA Acknowledge: 
Input signal from 
the 8257 DMA controller acknowledging 
that the requested DMA cycle has been 
granted. 


HRTC 
7 
0 
Horizontal 
Retrace: 
Output 
signal 
which is active during the programmed 
horizontal 
retrace interval. During this 
period the VSP output 
is high and the 
LTEN output is low. 


VRTC 
8 
0 
Vertical 
Retrace: 
Output signal which 
is 
active 
during 
the 
programmed 
vertical 
retrace 
interval. 
During 
this 
period the VSP output 
is high and the 
LTEN output is low. 


RD 
9 
I 
Read Input: 
A control 
signal 
to read 
registers. 


WR 
10 
I 
Write Input: 
A control 
signal to write 
commands into the control 
registers or 
write data into the row buffers during a 
DMA cycle. 


LPEN 
11 
I 
Light Pen: 
Input signal from the CRT 
system signifying that a light pen signal 
has been detected. 


DBo 
12 
I/O 
BI-Dlrectlonal 
Three-State 
Data Bus 
DB, 
13 
Lines: 
The outputs are enabled during 
DB2 
14 
a read of the C or P ports. 
DBs 
15 
DB. 
16 
DBs 
17 
DB6 
18 
DB7 
19 


Ground 
20 
Ground. 


Pin 
Symbol 
No. 
Type 
Name and Function 


Vcc 
40 
+5V Power Supply. 


LAo 
39 
0 
Line Attribute 
Codes: 
These attribute 


LA, 
38 
codes have to be decoded externally by 
the dol/timing 
logic 
to generate 
the 


horizontal 
and vertical 
line combina- 


tions for the graphic displays specified 
by the character attribute 
codes. 


LTEN 
37 
0 
Light 
Enable: 
Output 
signal 
used to 


enable the video signal to the CRT. This 
output 
is active 
at the 
programmed 


underline 
cursor position, 
and at posi- 


tions specified by attribute 
codes. 


RVV 
36 
0 
Reverse Video: 
Output signal used to 


indicate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position 
if a reverse video block 


cursor 
is programmed 
or at the posi- 


tions 
specified 
by the field 
attribute 


codes. 


VSP 
35 
0 
Video 
Suppression: 
Output 
signal 
used to blank the Video signal to the 
CRT. This output is active: 


-during 
the horizontal 
and vertical re- 


trace intervals. 


-at 
the top and bottom lines of rows if 


underline is programmed 
to be num- 


ber 8 or greater. 


-when 
an end of row or end of screen 


code is detected. 


-when 
a DMA underrun occurs. 


-at 
regular 
intervals 
(1/16 frame fre- 


quency 
for 
cursor, 
1/32 frame 
fre- 


quency for character 
and field attri- 
butes)-to 
create blinking displays as 


specified 
by cursor, character 
attri- 
bute. or field attribute 
programming. 


GPA, 
34 
0 
General 
Purpose 
Attribute 
Codes: 


GPAo 
33 
Outputs which are enabled by the gen- 
eral purpose field attribute 
codes. 


HLGT 
32 
0 
Highlight: 
Output signal used to inten- 


sify the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 


IRQ 
31 
0 
Interrupt 
Request. 


CCLK 
30 
I 
Character Clock (from dol/timing logic). 


CC6 
29 
0 
Character 
Codes: 
Output 
from 
the 


CCs 
28 
row buffers used for character selection 


CC. 
27 
in the character generator. 


CCs 
26 
CC2 
25 
CC, 
24 
CCo 
23 


CS 
22 
I 
Chip Select: 
The read and write are en- 


abled by CS. 


Ao 
21 
I 
Port 
Address: 
A high 
input 
on Ao 


selects the "c" port or command regis- 
ters and a low input 
selects 
the "P" 


port or parameter registers. 


inter 


Data Bus Buffer 


This 3·state, 
bidirectional, 
8-bit buffer 
is used to interface 


the 8275 to the system Data Bus. 


This functional 
block accepts 
inputs 
from the System Con- 
trol 
Bus and 
generates 
control 
signals for 
overall 
device 
operation. 
It contains 
the Command, 
Parameter, 
and Status 
Registers 
that 
store 
the 
various 
control 
formats 
for 
the 


device functional 
definition. 


AO 
OPERATION 
REGISTER 


0 
Read 
PREG 


0 
Write 
PREG 


1 
Read 
SREG 


1 
Write 
CAEG 


RD (Read) 


A "low" 
on this input 
informs 
the 8275 
that the CPU is 


reading data or status information 
from the 8275. 


WR (Write) 


A "low" 
on this input 
informs 
the 
8275 
that the CPU is 


writing data or control 
words to the 8275. 


CS (Chip Select) 


A "low" 
on this input selects the 8275. No reading or writ- 


ing will occur unless the device is selected. 
When CS is high, 
the Data Bus in the float state and RD and WR will have no 
effect on the ch ip. 


DRQ (DMA Request) 


A "high" 
on this output 
informs the DMA Controller 
that 


the 8275 desires a DMA transfer. 


DACK (DMA Acknowledge) 


A "low" 
on this input 
informs the 8275 that a DMA cycle 


is in progress. 


IRQ (Interrupt Request) 


A "high" 
on this output 
informs 
the CPU that 
the 8275 
desires interrupt 
service. 


lAo_l 


HATe 
VRTC 
HlGT 
RVV 
LTEN 
VSP 


GPAO_l 


Figure 3. 8275 Block Diagram Showing Data Bus 


Buffer and Read/Write Functions 


RBWRcs 


010 
1 
0 
0 
010 
1 
0 
0 
1 
1 
0 


X 
X 
1 


Write 8275 Parameter 
Read 8275 Parameter 
Write 8275 Command 
Read 8275 Status 
Three-State 
Three-state 


inter 


The 
Character 
Counter 
is a programmable 
counter 
that 
is 


used to determine 
the number 
of characters to be displayed 


per row and the length 
of the horizontal 
retrace interval. 
It 


is driven 
by 
the 
CCLK 
(Character 
Clock) 
input, 
which 


should be a derivative 
of the external 
dot clock. 


Line Counter 


The 
Line Counter 
is'a programmable 
counter 
that 
is used to 


determine 
the 
number 
of 
horizontal 
lines 
(Sweeps) 
per 


character 
row. 
Its outputs 
are u'sed to address the external 


character 
generator 
ROM. 


The Row Counter 
is a programmable 
counter 
that is used to 


determine 
the number 
of character 
rows to be displayed 
per 


frame and length of the vertical 
retrace interval. 


Light Pen Registers 


The 
Light 
Pen Registers are two registers that store the con; 


tents 
of 
the 
character 
counter 
and the row counter 
when- 


ever there 
is a rising edge on the 
LPEN 
(Light 
Pen) input. 


Raster Timing and Video Controls- 


The 
Raster 
Timing 
circuitry 
contro.!s 
the 
timing 
of 
the 


HRTC 
(Horizontal 
Retrace) 
and VRTC 
(Vertical 
Retrace) 


outputs. 
The 
Video 
Control 
circuitry 
controls 
the genera- 


tion 
of 
LAo_l 
(Line 
Attribute), 
HGLT 
(Highlight), 
RVV 


(Reverse Video), 
LTEN 
(Light 
Enable), 'VSP 
(Video 
Sup- 


press), and GPAO_l 
(General 
Purpose 
Attribute) 
outputs. 


Row Buffers 


The 
Row 
Buffers 
'are two 
80 character 
buffers. 
They 
are 


filled 
from 
the 
microcomputer 
system 
memory 
with 
the 


character 
codes to 
be displayed. 
While 
one row 
buffer 
is 


displaying 
a row of characters, 
the other is being filled 
with 


the next row of characters. 


AEADI 
WRITEI 


DNA 
CONTROL 
lOGIC 


LAO_l 


HRTe 
VATe 
HLGT 
RVV 
LTEN 
vsp 


GPAO_1 


Figure 4. 8275 Block Diagram Showing Counter 


, 
and Register F~nctions 


FIFOs 


There 
are two 
16 character 
FI FOs in the 8275. 
They 
are 


used to provide 
extra 
row 
buffer 
length 
in the Transparent 


Attribute 
Mode (see'Detailed 
Operation 
section). 


Buffer Input/Output Controllers 


The Buffer 
Input/Output 
Controllers 
aecode the characters 


being placed in lhe,row 
buffers. 
If the character 
is a charac- 


ter 
attribute, 
field 
attribute 
or 
special 
code, 
these 
con- 


trollers 
control 
the 
appropriate 
action. 
(Examples: 
An 


"End 
of 
Screen·-Stop 
DMA" 
special 
code will 
cause the 


Buffer 
Input 
'<;ontroller 
to 
stop 
further 
DMA 
requests. A 


"Highlight" 
field 
attribute 
will 
cause the 
Buffer 
Output 


Controller 
to activate the HG LT output.) 


The 8275 
is programmable 
to a large number 
of different 


display 
formats. 
It provides 
raster timing, 
display 
row buf- 


fering, 
visual attribute 
decoding, 
cursor 
timing, 
and light 


pen detection. 


It is designed 
to interface 
with the 8257 
DMA Controller 


and 
standard 
character 
generator 
ROMs for 
dot 
matrix 


decoding. 
Dot level timing 
must 
be provided 
by external 


circuitry. 


MEMORIES 
11 
.. 
, 
SYSTEM 
BUS 
"( 


DBO_7 
M"E1im 
AO 
lOW 
DBO_7 
MEMW 
Wi'! 
lOR 
RD 
CS 
CS 
HRQ 
IRQ 
HACK 


DRQ 
LCO_3 


8257 
VIDEO 
SIGNAL 


DMA 
CHARACTER 


CONTROLLER 
DACK 
GENERATOR 


8275 
CCO_6 
HORIZONTAL 
SYNC 


CRT 
DOT 


CONTROLLER 
TIMING 
VERTICAL 
SYNC 


CCLK 
AND 
INTERFACE 
INTENSITY 


VIDEO 
CONTROLS 


intJ 
system memory. 


Display 
characters 
are 
retrieved 
from 
memory 
and 
dis- 


played 
on a row 
by row 
basis. The 8275 
has two 
row buf· 


fers. 
While 
one 
row 
buffer 
is being 
used for 
display, 
the 
other 
is being filled 
with 
the next 
row 
of characters 
to be 
displayed. 
The 
number 
of 
display 
characters 
per row and 
the 
number 
of 
character 
rows 
per frame 
are software 
pro- 


grammable, 
providing 
easy interface 
to most CRT displays. 


(See Programming 
Section.) 


The 
8275 
requests 
DMA 
to fill 
the row 
buffer 
that 
is not 


being 
used for 
display. 
DMA 
burst 
length 
and spacing 
is 


programmable. 
(See Programming 
Section.) 


The 8275 provides 
special Control 
Codes which 
can be used 


to 
minimize 
DMA 
or software 
overhead. 
It also provides 


Visual 
Attribute 
Codes to 
cause special action 
or symbols 


on the 
screen without 
the 
use of 
the 
character 
generator 


(see Visual 
Attributes 
Section). 


The 
8275 
also controls 
raster timing. 
This is done 
by gen- 


erating 
Horizontal 
Retrace 
(H RTC) 
and 
Vertical 
Retrace 


(VRTC) 
signals. 
The 
timing 
of 
these 
signals 
is program· 


mabie. 


The 8275 can generate a cursor. 
Cursor location 
and format 


are programmable. 
(See Programming 
Section.) 


The 8275 
has a light 
pen input 
and registers. The light 
pen 


input 
is used to load the registers. 
Light 
pen registers can be 


read on command. 
(See Programming 
Section.) 


1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Character 
Character 
Character 
Characte, 
-------------- 
00••••000.0000.00 ••••• 000000000 
•••• 0000 ••• 000.000.0 


First 
Line of a Character 
Row 
--------------- 
00••••000.0000.00••••• 000000000 
•••• 0000 ••• 000.000.0 
0.0000.00••000.00.0000000000000.000.00.000.00.000.0 


Second 
Line of a Character 
Row 
--------------- 
00••••000.0000.00••••• 000000000 
•••• 0000 ••• 000.000.0 
~0000.00 ••000.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0000.00.0000000000000.000.00.000.00.000.0 


Third 
Line of a Character 
Row 


1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Character 
Character 
Character 
Character 
----------------- 
00••••000.0000.00••••• 000000000 
•••• 0000 ••• 000.000.0 
c.OODO.OO ••OOO.OO.OOOOOOOOOOODo.oDoaoo.oooaoo.ooo.o 
oaoooo.oo.oaoo.ooaooooooooooooo.ooo.ooaooo.oo.ooo.o 
0.0000.00.0000.00•••• 0000000000 
•••• 000.000.00.0.0.0 
0.0000.00.00.0.00.0000000000000.0.0000.000.00.0.0.0 
0.0000.00.000••00.0000000000000.00.000.000.00.0.0.0 
00••••000.0000.00••••• 000000000.00.0000 
••• 0000.0.00 


Seventh 
Line of a Character 
Row 


Display Row Buffering 


Before 
the start 
of a frame, 
the 8275 
requests 
DMA and 
one row buffer is filled with characters. 


After 
all the 
lines of the character 
row are scanned, 
the 


roles of the 
two 
row 
buffers 
are reversed 
and the same 


procedure 
is followed 
for the next row. 


ORO 
LCO_3 


DACK 
ORO 
LCO_3 


IRa 


Rjj 
m 
LAO_1 
Rjj 


HRTe 
WR 


LAO_1 
A. 


VRTe 
HLGT 
HRTe 


RVV 
A. 


VATe 
es----.J 


LTEN 
HLGT 
VSP 
RVV 


GPAO_l 
LTEN 


es 
vsp 


GPAO_1 


LPEN 


LPEN 


When the first horizontal 
sweep is started, 
character 
codes 


are output 
to the character 
generator 
from the row buffer 


just 
filled. 
Simultaneously, 
DMA begins 
filling the other 


row buffer with the next row of characters. 


Figure 9. First Buffer Filled with Third Row, 
Second Row Displayed 


This 
is repeated 
until 
all of the 
character 
rows are 
dis- 


played. 


lAo_l 


HRTe 
VRTe 
HlGT 
RVV 
LTEN 
vsp 


GPAO_l 


Figure 8. Second Buffer Filled, First Row 
Displayed 


intJ 


The 
8275 
can be programmed 
to generate 
from 
1 to 80 


characters 
per row, and from 1 to 64 rows per frame. 


1 2 3 4 5 6 7 8 9 . . . . . . . . . . . . . . 80 
2 
3 
4 
5 
6 
7 
8 
9 


The 8275 can also be programmed 
to blank alternate 
rows. 


In this mode, the first row is displayed, 
the second blanked, 


the 
third 
displayed, 
etc. 
DMA is not 
requested 
for 
the 
blanked 
rows. 


1 2 3 4 5 6 7 8 9. 
. . . . . . . . . . . . . . 80 


2 


3 


4 


5 


Row Format 


The 8275 
is designed 
to hold the 
line count 
stable while 


outputting 
the 
appropriate 
character 
codes 
during 
each 


horizontal 
sweep. 
The 
line count 
is incremented 
during 


horizontal 
retrace 
and the whole row of character 
codes are 


output 
again during the next sweep. This is continued 
until 


the whole character 
row is displayed. 


The number 
of lines (horizontal 
sweeps) 
per character 
row 


is programmable 
from 1 to 16. 


The output 
of the line counter 
can be programmed 
to be in 


one of two modes. 


In mode 0, the output 
of the line counter 
is the same as the 


line number. 


In mode 
1, the line counter 
is offset 
by one from the line 


number. 


Note: 
In mode 
1, while 
the first 
line (line number 
0) is being dis- 
played, 
the 
last 
count 
is output 
by 
the 
line 
counter 
(see 
examples). 


Line 
Line 


Line 
Counter 
Counter 


Number 
Mode 0 
Mode 1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0000 
1111 


1 
0 
0 
0 
0 • 0 
0 
0 
0 
0001 
0000 
2 
0 
0 
0 • 0 • 0 
0 
0 
0010 
0001 


3 
0 
0 • 
0 
0 
0 • 
0 
0 
001 
1 
0010 


4 
0 • 
0 
0 
0 
0 
0 • 0 
0100 
001 
1 


5 
0 • 
0 
0 
0 
0 
0 • 0 
0101 
0100 


6 
0 • • • • • • • 
0 
01 10 
0101 


7 
0 • 
0 
0 
0 
0 
0 • 
0 
01 1 1 
0110 
8 
0 • 0 
0 
0 
0 
0 • 0 
1000 
0111 
9 
0 • 
0 
0 
0 
0 
0 • 0 
1001 
1000 


10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1010 
1001 


11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1011 
1010 


12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 100 
1011 


13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 101 
1 100 


14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 1 10 
1 101 


15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1111 
1 110 


Line 
Line 


Line 
Counter 
Counter 


Number 
Mode 0 
Mode 1 


0 
0 
0 
0 
0 
0 
0 
0 
0000 
1001 


1 
0 
0 
0 • 0 
0 
0 
0001 
0000 


2 
0 
0 • 0 • 
0 
0 
0010 
0001 
3 
0 • 0 
0 
0 • 0 
001 
1 
0010 


4 
0 • 0 
0 
0 • 
0 
0100 
001 
1 


5 
0 • • • • • 
0 
0101 
0100 


6 
0 
II 
0 
0 
0 • 
0 
0110 
0101 


7 
0 • 0 
0 
0 • 0 
01 1 1 
0110 
8 
0 
0 
0 
0 
0 
0 
0 
1000 
01 1 1 


9 
0 
[] 
0 
0 
0 
0 
0 
1001 
1000 


Mode 0 is useful for character 
generators 
that leave address 


zero blank and start at address 1. Mode 1 is useful for char- 
acter generators 
which start at address zero. 


i~ 
8275 


Underline 
placement 
is also programmable 
(from 
line num· 
Dol Formal 
ber 0 to 
15). This 
is independent 
of the line counter 
mode. 


If 
the 
line number 
of the underline 
is greater than 7 (line 
number 
MSB = 1), then 
the top 
and bottom 
lines will 
be 
blanked. 


Line 
Line 
line 
Counter 
Counter 
Number 
Mode 0 
Mode 1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0000 
1011 


1 
0 
0 
0 
0 • 0 
0 
0 
0 
0001 
0000 
2 
0 
0 
0 • 0 • 0 
0 
0 
0010 
0001 
3 
0 
0 • 0 
0 
0 • 0 
0 
001 
1 
0010 
4 
0 • 
0 
0 
0 
0 
0 • 
0 
0100 
001 
1 
5 
0 • 0 
0 
0 
0 
0 • 0 
0101 
0100 
6 
0 • • • • • • • 
0 
01 
10 
0101 
1 
0 • 0 
0 
0 
0 
0 • 
0 
01 
1 1 
01 
10 
8 
0 • 0 
0 
0 
0 
0 • 0 
1000 
01 
1 1 
9 
0 • 
0 
0 
0 
0 
0 • 
0 
1'001 
1000 
10 
• • • • • • • • • 
1010 
1001 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1011 
1010 


Top and Bottom 


J\ 
Lines are Blanked 


If the line number 
of the underline 
is less than or equal to 7 
(line number 
MSB = 0), then the top and bottom 
lines will 
not be blanked. 


, . 


Line 
Line 
Line 
Counter 
Counter 
Number 
Mode 0 
Mode 1 


0 
0 
0 
0 • 
0 
0 
0 
0000 
01 
1 1 
1 
0 
0 • 0 • 
D 
0 
0001 
0000 
2 
0 • 0 
0 
0 • 
0 
0010 
'0001 
3 
0 • 0 
0 
0 • 0 
001 
1 
0010 
4 
0 • • • • • 
0 
0100 
001 
1 
5 
0 • 0 
0 
0 • 0 
0101 
0100 
6 
0 • 0 
0 
0 • 
0 
01 
10 
0101 
7 
• • • • • • • 
01 
1 1 
01 
10 


Top and Bottom 
Lines are not Blanked 


If the line number 
of the underline 
is greater than the maxi- 


mum number 
of lines, the underline 
will not appear. 


Blanking 
is accomplished 
by the VSP (Video 
Suppression) 
signal. 
Underline 
is accomplished 
by 
the 
LTEN 
(Light 
Enable) signal. 


Dot 
width 
and 
character 
width 
are dependent 
upon 
the 
external 
timing 
and control 
circuitry. 


Dot 
level timing 
circuitry 
should 
be designed to accept the 


parallel 
output 
of 
the character 
generator 
and shift 
it out 


serially at the rate required 
by the CRT display. 


Dot width 
is a function 
of dot clock frequency. 


Character 
width 
is a function 
of the character 
generator 


width. 


Horizontal 
character 
spacing 
is a function 
of 
the 
shift 
register length. 


Note: 
Video 
control 
and timing 
signals must be synchronized 
with 
the video signal due to the character 
generator 
access delay. 


inter 


Raster Timing 


The character 
counter 
is driven by the character 
clock input 


(CCLK). 
It 
counts 
out 
the 
characters 
being 
displayed 


(programmable 
from 
1 to 
80). 
It then 
causes 
the 
line 
counter 
to increment, 
and it 'Starts counting 
out the hori- 
zontal 
retrace 
interval 
(programmable 
from 2 to 32). This 


is constantly 
repeated. 


PROGRAMMABLE 


2 TO 32 CCLKS 


NEXT 
LINE COUNT 


The line counter 
is driven 
by the character 
counter. 
It is 


used to generate 
the 
line address outputs 
(LCo_ 
) for the 


character 
generator. 
After 
it counts 
all of the 1ines in a 


character 
row (programmable 
from 
1 to 16). it increments 


the row counter, 
and starts 
over again. (See Character 
For· 
mat 
Section 
for 
detailed 
description 
of 
Line 
Counter 


functions.) 


The row counter 
is an internal 
counter 
driven by the line 


counter. 
It controls 
the functions 
of the 
row buffers 
and 


counts the number of character 
rows displayed. 


ONE CHARACTER 
ROW 
. 
. 
~ 


HRTeLJl.SLrLJ 


After 
the 
row counter 
counts 
all of the 
rows in a frame 


(programmable 
from 
1 to 64). 
it starts 
counting 
out the 


vertical retrace interval (programmable 
from 1 to 4). 


ONE 
FRAME. 
r 
\ 


ROW'~~~~~:~~~x:t:x.- 


FIRST 
LAST 
FIRST 
LAST 


DISf'LAY 
DISPLAY 
RETRACE RETRACE 


ROW 
ROW 
ROW 
ROW 


---T-------T--- 


PROGRAMMABLE 
PROGRAMMABLE 


1 TO 6C ROWCOUNTS 
1 TO 4 ROWCOUNTS 


The 
Video 
Suppression 
Output 
(VSP) 
is active 
during 


horizontal 
and vertical retrace intervals. 


Dot level timing 
circuitry 
must synchronize 
these outputs 


with the video signal to the CRT Display. 


The 8275 can be programmed 
to request burst DMA trans- 
fers of 1 to 8 characters. 
The interval between 
bursts is also 


programmable 
(from 
0 to 55 character 
clock periods 
±1). 


This allows the 
user to tailor his DMA overhead 
to fit his 


system needs. 


The first 
DMA request 
of the .frame occurs one row time 


before 
the end of vertical 
retrace. 
DMA requests 
continue 


as programmed, 
until 
the 
row buffer 
is filled. 
If the 
row 


buffer 
is filled in the middle of a burst, the 8275 terminates 


the 
burst 
and 
resets 
the 
burst 
counter. 
No more 
DMA 


requests 
will occur 
until 
the 
beginning 
of the next 
row. 
At that 
time, 
DMA requests 
are activated 
as programmed 


until the other buffer is filled. 


The first DMA request 
for a row will start at the first char- 


acter clock of the preceding 
row. If the burst mode is used, 


the 
first 
DMA request 
may occur 
a number 
of character 


clocks later. This number 
is equal to the programmed 
burst 


space. 


If, for any reason, 
there 
is a DMA underrun, 
a flag in the 


status word will be set. 


--y:,,~/ 


U1 
ON' 


ROW 
BUFFER 
FILLED 


The 
DMA controller 
is typically 
initialized 
for 
the 
next 


frame at the end of the current 
frame. 


The 
8275 
can 
be programmed 
to generate 
an 
interrupt 


request 
at the 
end 
of each 
frame. 
This 
can 
be used 
to 


reinitialize 
the 
DMA 
controller. 
If the 
8275 
interrupt 


enable 
flag is set, 
an 
interrupt 
request 
will occur 
at the 


beginning 
of the last display row. 


INTERNAl~ 
ROW 


COUNTER 


VRTC~ 


IRO 
__ 
' 


IRQ 
} 
Ro~_r- 


A reset command 
will also cause 
IRQ to go inactive, 
but 


this is not recommended 
during normal service. 


Another 
method 
of reinitializing 
the DMA controller 
is to 


have the DMA controller 
itself interrupt 
on terminal 
count. 


With this method, 
the 8275 interrupt 
enable flag should not 


be set. 


Note: 
Upon power·up, 
the 8275 
Interrupt 
Enable 
Flag may be set. 


As a result, 
the 
user's cold 
start 
routine 
should 
write 
a reset 


command 
to the 8275 
before 
system 
interrupts 
are enabled. 


VISUAL ATTRIBUTES 
AND SPECIAL 
CODES 


The characters 
processed 
by the 8275 are 8-bit quantities. 
The character 
code outputs 
provide the character 
generator 


with 7 bits of address. The Most Significant 
Bit is the extra 
bit and 
it is used 
to determine 
if it is a normal 
display 
character 
(MSB = 0). or if it is a Visual Attribute 
or Special 
Code (MSB = 1). 


There 
are two types 
of Visual Attribute 
Codes. 
They are 
Character 
Attributes 
and Field Attributes. 


0, 


CHARACTER 
GENERATOR 


;~~ 
03 


Character Attribute Codes 


Character 
attribute 
codes are codes that can be used to gen- 


erate 
graphics 
symbols 
without 
the 
use 
of 
a character 


generator. 
This is accomplished 
by selectively 
activating 
the 


line 
Attribute 
outputs 
(LAo_,). 
the 
Video 
Suppression 


output 
(VSPl, 
and the light 
Enable output. 
The dot level 


timing circuitry 
can use these signals to generate 
the proper 


symbols. 


Character 
attributes 
can 
be programmed 
to 
blink 
or 
be 


highlighted 
individually. 
Blinking is accomplished 
with the 


Video 
Suppression 
output 
(VSP). Blink frequency 
is equal 


to the screen refresh frequency 
divided by 32. Highlighting 
is accomplished 
by activating 
the Highlight output 
(HG LT). 


LSB 
B H 
I LHIGHLIGHT 


BLINK 
CHARACTER 
ATTRIBUTE 
CODE 


C 
C 
C 
CL 


intJ 


Table 2. Character Attributes 


Character 
attributes 
were 
designed 
to produce 
the following 
graphics: 


CHARACTER ATTRIBUTE 
OUTPUTS 
SYMBOL 
DESCRIPTION 
CODE "CCCC" 
LA1 
LAo 
VSP 
LTEN 


~bove 
Underline 
0 
0 
1 
0 r-r. 
0000 
Underline 
1 
0 
0 
0 
Top 
Left Corner 


Below 
Underline 
0 
1 
0 
0 


Above 
Underline 
0 
0 
1 
0 


0001 
Underline 
1 
1 
0 
0 
n 


Top 
Right Corner 


0 
1 
0 
0 
. 
Below 
Underline 


Above Underline 
0 
1 
0 
0 
C 
0010 
Underline 
1 
0 
0 
0 
Bottom 
Left Corner 


Below 
Underline 
0 
0 
1 
0 


Above 
Underline 
0 
1 
0 
0 
rrt1t'1 
0011 
Underline 
1 
1 
0 
0 
Bottom 
Right Corner 
1.t!.....'~"1 


Below 
Underline 
0 
0 
1 
0 


Above 
Underline 
0 
0 
1 
0 


~ 


0100 
Underline 
0 
0 
0 
1 
Top 
Intersect 


Below 
Underline 
0 
1 
0 
0 


Above 
Underline 
0 
1 
0 
0 
Bj'· ' 
0101 
Underline 
1 
1 
0 
0 
Right 
Intersect 
Below 
Underline 
0 
1 
0 
0 


Above 
Underline 
0 
1 
0 
0 


0110 
Underline 
1 
0 
0 
0 
Left 
Intersect 


Below 
Underline 
0 
1 
0 
0 
Above 
Underline 
0 
1 
0 
0 


0111 
Underline 
0 
0 
0 
1 


'C;' I 


Bottom 
Intersect 


L 
J 
Below 
Underline 
0 
0 
1 
0 


Above 
Underline 
0 
0 
1 
0 


1000 
Underline 
0 
0 
0 
1 
t---l 


Horizontal 
Line 


Below 
Underline 
0 
0 
1 
0 


Above 
Underline 
0 
1 
0 
0 


-Fiifti'i: 
1001 
Underline 
0 
1 
0 
0 
Vertical 
Line 


Below 
Underline 
0 
1 
0 
0 
f""',;,,:<' 


Above 
Underline 
0 
1 
0 
0 


1010 
Underline 
0 
0 
0 
1 
Crossed Li nes 


Below 
Underline 
0 
1 
0 
0 


Above 
Underline 
0 
0 
0 
0 
[~" 


1011 
Underline 
0 
0 
0 
0 
Not Recommended 
* 


Below 
Underline 
0 
0 
0 
0 


Above 
Underline 
0 
0 
1 
0 


1100 
Underline 
0 
0 
1 
0 
f 
Special Codes 


Below 
Underline 
0 
0 
1 
0 
Above 
Underline 


1101 
Underline 
Undefined 
Illegal 
Below 
Underline 
I 


Above 
Underline 
I 
1110 
Underline 
Undefined 
Illegal 
Below 
Underline 
I 
Above 
Underline 
I 
1111 
Underline 
Undefined 
Illegal 
Below 
Underline 
I 


*Character 
Attribute 
Code 
1011 
is not 
recommended 
for 


normal 
operation. 
Since none of the attribute 
outputs 
are 


active, 
the 
character 
Generator 
will 
not 
be disabled, 
and 


an indeterminate 
character 
will 
be generated. 


Character 
Attribute 
Codes 1101, 1110, and 1111 are illegal. 


Blinking 
is active when B = 1. 


Highlight 
is active when H = 1. 


inter 


Special Codes 


Four 
special 
codes 
are available 
to help reduce 
memory, 


software, 
or DMA overhead. 


LSB 
o 
0 
S S 


~ 
SPECIAL 
CONTROL 
CODE 


o 
0 
End of Row 
o 
1 
End of Row-Stop 
DMA 


1 
0 
End of Screen 


1 
1 
End of Screen-Stop 
DMA 


The 
End of Row Code (00) activates 
VSP and holds it to 


the end of the line. 


The 
End 
of 
Row-Stop 
DMA Code 
(01) causes the 
DMA 


Control 
Logic to stop DMA for the rest of the row when it 


is written 
into the Row Buffer. 
It affects the display in the 
sal11eway as the End of Row Code (DOl. 


The End of Screen 
Code (10) activates VSP and holds it to 


the end of the frame. 


The 
End of Screen-Stop 
DMA Code 
(11) causes the DMA 


Control 
Logic to stop DMA for the rest of the frame when 


it is written 
into the 
Row Buffer. 
It affects the display 
in 


the same way as the End of Screen Code (10). 


If the Stop 
DMA feature 
is not used, all characters 
after an 
End of Row character 
are ignored, 
except 
for the End of 
Screen 
character, 
which 
operates 
normally. 
All characters 
after an End of Screen character 
are ignored. 


Note: 
If a Stop DMA 
character 
is not the last character 
in a burst or 


row, 
DMA 
is not 
stopped 
until 
after 
the 
next 
character 
is 
read. 
In this situation, 
a dummy 
character 
must be placed in 


memory 
after the Stop DMA 
character. 


Field Attributes 


The 
field 
attributes 
are 
control 
codes 
which 
affect 
the 


visual characteristics 
for a field of characters, 
starting 
at the 


character 
following 
the 
code 
up 
to, 
and 
including, 
the 


character 
which 
precedes 
the 
next field attribute 
code, or 


up to the 
end of the frame_ The field attributes 
are reset 


during the vertical retrace interval. 


There are six field attributes: 


1. 
Blink 
- 
Characters 
following 
the code are caused 


to blink by activating 
the Video Suppression 
out- 


put 
(VSP). 
The 
blink 
frequency 
is equal 
to the 
screen refresh frequency 
divided by 32. 


2. 
Highlight 
- 
Characters 
following 
the 
code 
are 


caused 
to 
be highlighted 
by activating 
the 
High- 


light output 
(HG LT). 


3. 
Reverse Video - 
Characters 
following 
the code are 


caused 
to appear 
with reverse video by activating 


the Reverse Video output 
(RVV). 


4. 
Underline 
- 
Characters 
following 
the 
code 
are 


caused 
to 
be underlined 
by activating 
the 
Light 


Enable output 
(LTEN). 


5,6. 
General Purpose - 
There are two additional 
8275 


outputs 
which 
act 
as general 
purpose, 
independ- 


ently 
programmable 
field 
attributes. 
GPAO-1 are 


active high outputs. 


MSB 
LSB 
10URGGBH 


i 11 


I L.- 
HIGHLIGHT 


_.---BLINK 
------GENERAL 
PURPOSE 


-------- 
REVERSE 
VIDEO 
UNDERLINE 


H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE 
VIDEO 
U = 1 FOR UNDERLINE 
GG = GPA1, GPAo 


"More than one attribute 
can be enabled 
at the same time. 


If the 
blinking 
and 
reverse video attributes 
are enabled 


simultaneously, 
only the reversed characters 
will blink. 


intJ 


The 8275 can be programmed 
to provide visible or invisible 


field attribute 
characters. 


If the 
8275 
is programmed 
in the 
visible field attribute 


mode, 
all field 
attributes 
will occupy 
a position 
on the 


screen. 
They 
will appear as blanks caused 
by activation 
of 


the 
Video 
Suppression 
output 
(VSP). 
The 
chosen 
visual 


attributes 
are activated 
after this blanked character. 


> 


ABC 
D E 
F G H I 
J 
K L M 
N 0 
P o R S T U V 


. 
I 
• 
0 


, 


-. 


1 2 3 4 
5 
6 
7 8 
9 


Figure 24. Example of the Visible Field Attribute 
Mode (Underline Attribute) 


If the 
8275 
is programmed 
in the 
invisible field attribute 


mode, the 8275 FIFO is activated. 


LAo_l 


HRTe 
VRTe 
HLGT 
RVV 
LTEN 
vs, 


GPAo_l 


Figure 25. Block Diagram Showing FIFO 
Activation 


Each row buffer 
has a corresponding 
FIFO. 
These 
F IFOs 


are 16 characters 
by 7 bits in size. 


When a field attribute 
is placed 
in the 
row buffer during 


DMA, the 
buffer 
input 
controller 
recognizes 
it and places 


the next character 
in the proper 
FIFO. 


When a field attribute 
is placed in the Buffer Output 
Con- 


troller 
during 
display, 
it causes the controller 
to immedi- 


ately put a character 
from the FIFO on the Character 
Code 


outputs 
(CCo-.Q). The 
chosen 
Visual 
Attributes 
are also 


activated. 


Since the FIFO is 16 characters 
long, no more than 16 field 


attribute 
characters 
may 
be used 
per 
line in this mode. 


If more are used, a bit in the status word is set and the first 
characters 
in the FIFO are written 
over and lost. 


Note: 
Since the 
FIFO 
is 7 bits wide, the MSB of any characters 
put 
in it are stripped 
off. Therefore, 
a Visual Attribute 
or Special 


Code 
must not immediately 
follow 
a field 
attribute 
code. 
If 


this 
situation 
does 
occur, 
the 
Visual 
Attribute 
or 
Special 


Code will 
be treated 
as a normal 
display 
character. 


ABC 
D E F G H I 
J 
K L M 


NOPORSTUV 


Figure 26. Example of the Invisible Field Attribute 


Mode (Underline Attribute) 


Field and Character Attribute Interaction 


Character 
Attribute 
Symbols 
are affected 
by the 
Reverse 


Video 
(RVV) 
and 
General 
Purpose 
(GPAO-1) 
field attri- 


butes. 
They 
are not affected 
by Underline, 
Blink or High- 


light field attributes; 
however, 
these characteristics 
can be 


programmed 
individually 
for Character 
Attribute 
Symbols. 


inter 


Cursor Timing 


The cursor 
location 
is determined 
by a cursor row register 


and a character 
position 
register which are loaded by com- 


mand to the controller. 
The cursor can be programmed 
to 


appear on the display as: 


1. 
a blinking underline 


2. 
a blinking reverse video block 
3. 
a non-blinking 
underline 


4. 
a non-blinking 
reverse video block 


The cursor blinking frequency 
is equal to the screen refresh 


frequency 
divided by 16. 


If a non-blinking 
reverse 
video 
cursor 
appears 
in a non- 
blinking 
reverse 
video 
field, 
the 
cursor 
will appear 
as a 


normal video block. 


If a non-blinking 
underline 
cursor 
appears in a non-blinking 


underline 
field, the cursor will not be visible. 


Light Pen Detection 


A light 
pen 
consists 
of a micro 
switch 
and 
a tiny 
light 


sensor. When the light pen is pressed against the CRT screen, 
the micro 
switch 
enables 
the light sensor. When the raster 


sweep 
reaches 
the 
light 
sensor, 
it triggers 
the 
light 
pen 


output. 


If the 
output 
of the 
light 
pen is presented 
to the 8275 


LPEN input, the row and character 
position 
coordinates 
are 
stored 
in a pair of registers. These registers can be read on 


command. 
A bit in the status 
word 
is set, indicating 
that 


the light pen signal was detected. 
The LPEN input must be 
a 0 to 1 transition 
for proper operation. 


Note: 
Due 
to 
internal 
and 
external 
delays, 
the 
character 
position 


coordinate 
will 
be off 
by 
at 
least three 
character 
positions. 


This has to be corrected 
in software. 


Device Programming 


The 
8275 
has two 
programming 
registers, 
the Command 


Register 
(CREG) 
and 
the 
Parameter 
Register 
(PREGl. 
It 
also has a Status 
Register 
(SR EGl. The Command 
Register 


can only be written 
into and the Status 
Registers can only 


be read from. They are addressed 
as follows: 


AO 
OPERATION 
REGISTER 


0 
Read 
PREG 


0 
Write 
PREG 


1 
Read 
SREG 


1 
Write 
CREG 


The 
8275 
expects 
to receive a command 
and a sequence 


of 0 to 4 parameters, 
depending 
on the command. 
If the 


proper 
number 
of parameter 
bytes are not received before 


another 
command 
is given, a status flag is set, indicating 
an 


improper 
command. 


Instruction Set 


The 8275 instruction 
set consists of 8 commands. 


Reset 
4 


Start Display 
0 


Stop Display 
0 


Read 
Light 
Pen 
2 


Load Cursor 
2 


Enable Interrupt 
0 


Disable 
Interrupt 
0 


Preset Counters 
a 


In addition, 
the status 
of the 8275 
(SREG) can be read by 


the CPU at any time. 


OATABUS 


OPERATION 
AO 
OESCRIPTION 
MSB 
LSB 


Command 
Write 
1 
Reset 
Command 
0 
O' 0 
0 
0 
0 
0 
0 


Write 
0 
Screen 
Camp 
5 
H 
H 
H 
H 
H 
H 
H 


Byte 
1 


Write 
0 
Screen 
Camp 
V 
V 
R 
R 
R 
R 
R 
R 
Byte 2 
Parameters 


Write 
0 
Screen 
Camp 
U 
U 
U 
U 
L 
L 
L 
L 
Byte 3 


Write 
0 
Screen 
Camp 
M 
F 
C 
C 
Z 
Z 
Z 
Z 
Byte 4 
Action 
- 
After 
the 
reset 
command 
is written, 
DMA re- 


quests 
stop, 
8275 
interrupts 
are disabled, 
and 
the 
VSP 


output 
is used to blank the screen. 
HRTC and VRTC 
con- 
tinue 
to 
run. 
HRTC 
and 
VRTC 
timing 
are random 
on 


power-up. 


As 
parameters 
are 
written, 
the 
screen 
composition 
is 
defined. 


Parameter 
- S 
Spaced Rows 


S 
FUNCTIONS 


o 
Normal 
Rows 


1 
Spaced Rows 


Parameter 
- 
HHHHHHH 
Horizontal 
Characters/Row 


NO. OF CHARACTERS 
H 
H 
H 
H 
H 
H 
H 
PER ROW 


0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
2 


0 
0 
0 
0 
0 
1 
0 
3 


Parameter 
- VV 
Vertical 
Retrace Row Count 


V 
V 
NO. OF ROW COUNTS 
PER VRTC 


o 
0 
1 
o 
1 
2 
1 
0 
3 
1 
1 
4 


Parameter 
- 
RRRRRR 
Vertical 
Rows/Frame 


R 
R 
R 
R 
R 
R 
NO. OF ROWS/FRAME 


o 
0 
0 
0 
0 
0 
00000 
1 
o 
0 
001 
0 


Parameter 
- 
UUUU 
Underline 
Placement 


LINE 
NUMBER 
OF 


U 
U 
U 
U 
UNDERLINE 


0 
0 
0 
0 
1 
0 
0 
0 
1 
2 
0 
0 
1 
0 
3 


Parameter 
- 
LLLL 


L 
L 
L 
L 


o 
000 


o 
0 
0 
1 


o 
0 
1 0 


Number 
of Lines per Character 
Row 


NO. OF LINES/ROW 


1 


2 
3 


Parameter 
- M 


M 
Line Counter 
Mode 


LINE 
COUNTER 
MODE 


Mode 0 INon-offsetl 


Mode 1 loffset 
by 1 Countl 


Parameter 
- 
F 


F 


o 
1 


Field Attribute 
Mode 


FIELD 
ATTRIBUTE 
MODE 


Transparent 
Non·Transparent 


Parameter 
- CC 
C C 


o 
0 


o 
1 
1 
0 
1 
1 


Cursor Format 


CURSOR 
FORMAT 


Blinking 
reverse video block 


Blinking 
underline 


Nonblinking 
reverse video block 


Nonblinking 
underling 


Parameter 
- 
ZZZZ 
Horizontal 
Retrace Count 


NO. OF CHARACTER 
Z 
Z 
Z 
Z 
COUNTS 
PER HRTC 


0 
0 
0 
0 
2 
0 
0 
0 
1 
4 
0 
0 
1 
0 
6 


IOPERATION 
DATA BUS 
AO 
DESCRIPTION 
MSB 
LSB 


Command I 
Write 
1 
Start 
Display 
0 
0 
1 
S 
S 
S 
B 
B 


No parameters 


SSS 
BURST 
SPACE 
CODE 


NO. OF CHARACTER 
CLOCKS 


S 
S 
S 
BETWEEN 
DMA 
REQUESTS 


0 
0 
0 
0 
0 
0 
1 
7 
0 
1 
0 
15 
0 
1 
1 
23 
1 
0 
0 
31 


1 
0 
1 
39 
1 
1 
0 
47 
1 
1 
1 
55 


BB 
BURST 
COUNT 
CODE 


NO. OF DMA 
CYCLES 
PER 
B 
B 
BURST 


0 
0 
1 


0 
1 
2 


1 
0 
4 
, 
1 
8 


Action 
- 
8275 interrupts 
are enabled, 
DMA requests 
begin, 
video is enabled, 
Interrupt 
Enable and Video Enable status 
flags are set. 


10PERATION 
DATA 
BUS 


Ao 
DESCRIPTION 
MSB 
LSB 


Command I 
Write 
1 
Stop 
Display 
0 
1 
0 
0 
0 
0 
0 
0 
No parameters 


Action 
- 
Disables video, interrupts 
remain enabled, 
HRTC 


and 
VRTC 
continue 
to 
run, 
Video 
Enable 
status 
flag is 
reset, 
and the 
"Start 
Display" 
command 
must be given to 
re·enable the display. 


DATA 
BUS 
OPERATION 
AO 
DESCRIPTION 
MSB 
LSB 


Command 
Write 
1 
Read 
Light 
Pen 
0 
1 
1 
0 
0 
0 
0 
0 


Parameters 
Read 
0 
Char. 
Number 
(Char. 
Position 
in Row) 
Read 
0 
Row Number 
(Row Numbed 


Action 
- 
The 8275 
is conditioned 
to supply the contents 
of the 
light 
pen 
position 
registers 
in the 
next 
two 
read 


cycles 
of the 
parameter 
register. 
Status 
flags ·are not af- 
fected. 


DATA 
BUS 


OPERATION 
Ao 
DESCRIPTION 
MSB 
LSB 


Command 
Write 
1 
Load 
Cursor 
1 
0 
0 
0 
0 
0 
0 
0 


Write 
0 
Char. 
Number 
(Char. 
Position 
in Row) 
Parameters 
Write 
0 
Row 
Number 
(Row 
Number! 


Action 
- 
The 8275 
is conditioned 
to place the next two 


parameter 
bytes 
into the cursor 
position 
registers. 
Status 


flags not affected. 


IOPERATION 
DATA 
BUS 


AO 
DESCRIPTION 
MSB 
LSB 


Command 
I 
Write 
1 
Enable 
Interrupt 
1 
0 
1 
0 
0 
0 
0 
0 


No parameters 


Action 
- 
The interrupt 
enable status 
flag is set and inter- 


rupts are enabled. 


I OPERATION 
DATA 
BUS 


AO 
DESCRIPTION 
MSB 
LSB 


Command 
I 
Write 
1 
Disable 
Interrupt 
1 
1 
0 
0 
0 
0 
0 
0 


No parameters 


Action 
- 
Interrupts 
are disabled 
and the interrupt 
enable 


status flag is reset. 


IOPERATION 
DATA 
BUS 


AO 
DESCRIPTION 
MSB 
LSB 


Command 
I 
Write 
, 
Preset 
Counters 
1 
1 
1 
0 
0 
0 
0 
0 


No parameters 


Action 
- 
The 
internal 
timing 
counters 
are preset, 
corre- 
sponding 
to a screen display position 
at the top left corner. 


Two character 
clocks 
are required 
for this operation. 
The 


counters 
will remain 
in this state until any other command 


is given. 


This command 
is useful for system debug and synchroniza· 


tion of clustered 
CRT displays on a single CPU. 


inter 


IE 
- 
(Interrupt 
Enable) Set or reset by command. 
It 
enables 
vertical 
retrace 
interrupt. 
It is auto- 


matically 
set 
by a "Start 
Display" 
command 
and reset with the "Reset" 
command. 


IR 
- 
(Interrupt 
Request) 
This flag is set at the begin- 


ning of display 
of the last row of the frame if 
the 
interrupt 
enable flag is set. It is reset after 


a status read operation. 


LP 
- 
This flag is set when the light pen input (LPEN) 
is activated 
and the Iight pen registers have been 
loaded. 
This flag is automatically 
reset after a 


status read. 


IC 
- 
(Improper 
Command) 
This flag is set when 
a 


command 
parameter 
string 
is too 
long or too 


short. 
The 
flag is automatically 
reset 
after 
a 


status read. 


VE - 
(Video 
Enable) 
This 
flag indicates 
that 
video 


operation 
of the CRT is enabled. 
This flag is 
set 
on a "Start 
Display" 
command, 
and reset 


on a "Stop 
Display" 
or "Reset" 
command. 


DU - 
(DMA Underrun) 
This 
flag 
is set whenever 
a 


data 
underrun 
occurs 
during 
DMA transfers. 


Upon detection 
of DU, the 
DMA operation 
is 


stopped 
and 
the 
screen 
is blanked 
until 
after 


the 
vertical 
retrace 
interval. 
This flag is reset 


after a status read. 


FO - 
(FIFO 
Overrun) 
This flag is set whenever 
the 


FIFO 
is overrun. 
It is reset on a status 
read. 


inter 


Ambient 
Temperature 
Under 
Bias 
: , ... 
OoC to 70°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
On Any 
Pin 


With 
Respect 
to Ground 
.........•.. 
-0.5V 
to +7V 


Power 
Dissipation 
: 
1 Watt 


"NOTICE: 
Stresses above those listed 
under 
"Absolute 
Maximum Ratings" 
may cause permanent 
damage to the 
device. This is a stress rating only and functional 
opera- 
tion of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections of this specifi- 


cation is not implied. 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Vil 
Input 
Low 
Voltage 
- 
-0.5 
0.8 
V 
, 


VIH 
Input 
High Voltage 
2.0 
Vee+0.5V 
V 


VOL 
Output 
Low 
Voltage 
" 
0.45 
V 
IOl 
~ 2.2 mA 


VOH 
Output 
High Voltage 


• 


2.4 
V 
'OH ~ -400J1.A 


III 
Input 
Load 
Current 
±10 
J1.A 
VIN ~ Vee 
to OV 


IOFl 
Output 
Float 
Leakage 
±10 
J1.A 
VOUT~VeetoOV 


Ice 
Vee 
Supply 
Current 
160 
mA 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


CIN 
Input 
Capacitance 
10 
pF 
fc~ 
1 MHz 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins returned 
to Vss. 


A.C. CHARACTERISTICS 
(TA = O°C to 70°C, 
Vee = 5.0V 
±:5%, 
GND = OV) 


Bus Parameters 


READ CYCLE 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


tAR 
Add ress Stable 
Before 
READ 
0 
ns 


tRA 
Address 
Hold 
Time 
for 
READ 
0 
ns 


tRR 
READ 
Pulse Width 
250 
ns 


tRO 
Data Delay 
from 
READ 
200 
ns 
Cl 
~ 150 pF 


tOF 
READ 
to Data 
Floating_ 
20 
100 
ns 
Cl 
min. = 20 pF; CL max. = 150 pF 


Symbol 
Parameter 
Min. 
Max. 
Unuts 
Test Conditions 


tAW 
Address 
Stable 
Before 
WR ITE 
0 
ns 


tWA 
Address 
Hold 
Time 
for WR ITE 
0 
ns 


tww 
WR ITE Pulse Width 
250 
ns 


tow 
Data Setup 
Time 
for WR ITE 
150 
ns 


two 
Data Hold 
Time 
for WR ITE 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


telK 
Clock 
Period 
480 
ns 


tKH 
Clock 
High 
240 
ns 


tKl 
Clock 
Low 
160 
ns 


tKR 
Clock 
Rise 
5 
30 
ns 


tKF 
Clock 
Fall 
5 
30 
ns 


inter 


A.C. CHARACTERISTICS 
(Continued) 


OTHER TIMING 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


tcc 
Character 
Code Output 
Delay 
150 
ns 
CL ~ 50 pF 


tHR 
Horizontal 
Retrace 
Output 
Delay 
200 
ns 
CL ~ 50 pF 


tLC 
Line Count 
Output 
Delay 
400 
ns 
CL ~ 50 pF 


tAT 
Control/Attribute 
Output 
Delay 
275 
ns 
CL ~ 50 pF 


tVR 
Vertical 
Retrace 
Output 
Delay 
275 
ns 
CL ~ 50 pF 


tRI 
IRQ,j, from 
ROt 
250 
ns 
CL ~ 50 pF 


two 
DRQt 
from 
WRt 
250 
ns 
CL ~ 50 pF 


tRO 
DRQ,j, from 
WR,j, 
- 
200 
ns 
CL ~ 50 pF 


tLR 
DACK,j, 
toWR,j, 
0 
ns 


tRL 
WRt 
to DACKt 
- 
0 
ns 


tpR 
LPEN 
Rise 
50 
ns 


tpH 
LPEN 
Hold 
100 
ns 


A C TESTING 
INPUTS 
ARE DRIVEN 
AT 2 4V FOR A LOGIC 
1 AND 0.45V FDA 


A LOGIC 
O' 
TIMING 
MEASUREMENTS 
ARE MADE 
AT 22V 
FDA A LOGIC 
1 


AND Dav 
FOA A LOGICO' 


WAVEFORMS 


TYPICAL 
DOT LEVEL TIMING 


CCLK·l~ 
~ 


FIRST CHARACTER 
CODE 
I--ROM 
ACCESS 


ATTRIBUTES 


& CONTROLS 


(FROM 
SYNCHRONIZER) 


SECOND CHARACTER 


ATTRIBUTES 
& CONTROLS 


FOR 
2ND 
CHAR. 


~t='LC 
'--------------~1_NEXT LINE COUNT 


VIDEO 


CONTROLS 


AND ATTRIBUTES· 


I,:: 
:( 


j\-i-----~ 


INTEANAl 
----"\ 
I~--_---------\ 


ROW 
PRESENT 
ROW 


COUNTER ----Jl~----------__\ 


~ 


AST 
RETRACE 
ROW 


t~_ 


INTERNAL 
-------..,-------- 


roUN~~: 
If-',-R---- 


-jtKQt_ 
DRaJ 
\ 
_ 


l'EN 
n 


-~R~~~H~'- 


inter 


inter 


8276 
SMALL SYSTEM CRT CONTROLLER 


• 
Programmable 
Screen 
and Character 
Format 
• MCS-51®, MCS-85®, iAPX 86, and 
iAPX 88 Compatible 


• Dual Row Buffers 


• Single 
+5V Supply 


'. 
40-Pin Package 


The Intel 8276 Small System CRT Controller is a single ch'ip device intended to interface CRT raster scan dis- 
plays with Intel microcomputers 
in minimum device-count systems. Its primary function 
is to refresh the dis- 
play by buffering character information 
from main memory and keeping track of the display position of the 
screen. The flexibility 
designed into the 8276 will allow simple interface to almost any raster scan CRT display 
with a minimum system Ie count. 


LC3 
VCC 


LC2 
NC 


LC, 
NC 


LCD 
LTEN 


BRDY 
RVV 


liS 
VSP 


HRTC 
GPA, 


VRTC 
GPAD 


RD 
HLGT 


WR 
INT 


NC 
CCLK 


DBD 
ce_ 


DB, 
CC. 


DB2 
CC, 
, 


DB3 
CC3 


DB, 
ce2 


DB. 
ce, 


DB_ 
CCD 


DB] 
cs 


GND 
2' 
ciP 


HRTC 
VRTC 
HLGT 
RVV 
LTEN 
VSP 
GPAo-l 


Pin 
Symbol 
No. 
Type 
Name and Function 


LC3 
1 
0 
Line count. 
Output from the line count- 


LC2 
2 
er which is used to address the charac- 
LC1 
3 
ter generator 
for the line positions 
on 


LCo 
4 
the screen. 


BRDY 
5 
0 
Buffer ready. 
Output signal indicating 


that a Row Buffer is ready for loading of 
character data. 


BS 
6 
I 
Buffer 
select. 
Input signal 
enabling 
WR for character 
data into 
the Row 
Buffers. 


HRTC 
7 
0 
Horlzonta' 
retrace. 
Output 
signal 
which is active during the programmed 
horizontal 
retrace interval. During this 
period the VSP output 
is high and the 
LTEN output is low. 


VRTC 
8 
0 
Vertical 
retrace. 
Output signal which 
is active during the programmed 
verti- 
cal retrace interval. During this period 
the VSP output 
is high and the LTEN 
output is low. 


RD 
9 
I 
Read Input. 
A control 
signal 
to read 
registers. 


WR 
10 
I 
Write Input. 
A control 
signal to write 
commands into the control 
registers or 
write data into the row buffers. 


NC 
11 
No connection. 


DBo 
12 
I/O 
Bidirectional 
data 
bus. 
Three-state 
DB1 
13 
lines. The outputs are enabled during a 
DB2 
14 
read of the C or P ports. 


DB3 
15 
DB4 
16 
DBs 
17 


DB6 
18 
DB7 
19 


Ground 
20 
Ground. 
i 
- 


Pin 
Symbol 
No. Type 
Name and Function 


Vcc 
40 
+SV power supply. 


NC 
39 
No connection. 


NC 
38 
No connection. 


LTEN 
37 
0 
Light 
enable. 
Output 
signal 
used to 


enable the video signal to the CRT. This 
output 
is active 
at the programmed 


underline 
cursor position, 
and at posi- 


tions specified by attribute 
codes. 


RW 
36 
0 
Reverse video. 
Output signal used to 


activate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position 
if a reverse video block 


cursor 
is programmed 
or at the posi- 


tions 
specified 
by the field 
attribute 


codes. 


VSP 
35 
0 
Video 
suppression. 
Output 
signal 


used to blank the video signal 
to the 


CRT. This output is active: 


I· 
- 
during the horizontal and vertical re- 
trace intervals. 


- 
at the top and bottom lines of rows if 
underline is programmed to be num- 
ber 8 or greater. 


- 
when an end of row or end of screen 
code is detected. 


- 
when a Row Buffer underrun occurs. 


- 
at regular 
intervals 
(1116 frame fre- 


quency 
for 
cursor, 
1/32 frame 
fre- 


quency 
for 
attributes)-to 
create 


blinking 
displays 
as specified 
by 


cursor orfield attribute programming. 


GPA1 
34 
0 
General 
purpose 
attribute 
codes.- 


GPAo 
33 
Outputs which are enabled by the gen- 
eral purpose field attribute 
codes. 


HLGT 
32 
0 
Highlight. 
Output signal used to inten- 
sify the display 
at particular 
positions 


on the screen as specified 
by the field 


attribute 
codes. 


INT 
31 
0 
Interrupt 
output. 


CCLK 
30 
I 
Character 
clock 
(from 
dot/timing 


logic). 


CC6 
29 
0 
Character 
codes. 
Output 
from 
the 


CCs 
28 
row buffers 
used for character 
selec- 


CC4 
27 
tion in the character generator. 


CC3 
26 
CC2 
25 
CC1 
24 
CCo 
23 


CS 
22 
I 
Chip select. 
Enables RD of status or 


WR of command or parameters. 


C/ P 
21 
I 
Port address. A high input on this pin 
selects the "c" port or command regis- 
ters and a low inputselects 
the "P" port 


or parameter registers. 
I 
I 


inter 


This 3-state, 
bidirectional, 
8-bit 
buffer 
is used to 


interface 
the 8276 to the system Data Bus. 


This functional 
block 
accepts 
inputs 
from the Sys- 


tem Control 
Bus and generates 
control 
signals 
for 


overall device operation. 
It contains 
the Command, 
Parameter, 
and Status Registers that store the vari- 


ous 
control 
formats 
for 
the 
device 
functional 


definition. 


C/P 
OPERATION 
REGISTER 


0 
Read 
RESERVED 


0 
Write 
PARAMETER 


1 
Read 
STATUS 


1 
Write 
COMMAND 


RD (READ) 
A "low" 
on this input informs 
the 8276 that the CPU 


is reading 
status 
information 
from the 8276. 


WR (WRITE) 
A "low" 
on this input informs 
the 8276 that the CPU 


is writing 
data or control 
words 
to the 8276. 


CS (CHIP 
SELECT) 
A "low" 
on this input selects the 8276 for RD or WR 


of Commands, 
Status, and Parameters. 


BRDY 
(BUFFER 
READY) 


A "high" 
on this output 
indicates 
that the 8276 is 


ready to receive character 
data. 


BS (BUFFER 
SELECT) 


A "low" 
on this input enables WR of character 
data' 


to the 8276 row buffers. 


INT (INTERRUPT) 
A "high" 
on this output 
informs 
the CPU that the 


8276 needs interrupt 
service. 


C/P 
RD 
WR 
CS 
as 


0 
0 
1 
0 
1 
Reserved 
0 
1 
0 
0 
1 
Write 8276 Parameter 
1 
0 
1 
0 
1 
Read 8276 Status 


1 
1 
0 
0 
1 
Write 8276 Command 


X 
1 
0 
1 
0 
Write 8276 Row Buffer 


X 
1 
1 
X 
X 
High Impedance 
X 
X 
X 
1 
1 
High Impedance 


The Character 
Counter 
is a programmable 
counter 


that is used to determine 
the number 
of characters 


to be displayed 
per row and the length 
of the hori- 


zontal 
retrace 
interval. 
It is driven 
by the CCLK 


(Character 
Clock) 
input, 
which 
should 
be derived 


from the external 
dot clock. 


The Line Counter 
is a programmable 
counter 
that is 


used to determine 
the number 
of horizontal 
lines 


(Raster 
Scans) 
per character 
row. Its outputs 
are 


used to address the external 
character 
generator. 


The Row Counter 
is a programmable 
counter 
that is 


used to determine 
the number 
of character 
rows to 


be displayed 
per frame and length of the vertical 
re- 


trace interval. 


The Raster Timing 
circuitry 
controls 
the timing 
of 


the HRTC (Horizontal 
Retrace) 
and VRTC (Vertical 


Retrace) 
outputs. 
The Video 
Control 
circuitry 
con- 


trols the generation 
of HGL T (Highlight), 
RVV (Re- 


verse Video), LTEN (Light Enable), VSP (Video Sup- 
press), 
and GPAO-1 
(General 
Purpose 
Attribute) 


outputs. 


The Row Buffers are two 80-character 
buffers. They 


are filled 
from the microcomputer 
system 
memory 


with the character 
codes to be displayed. 
While one 


row buffer 
is displaying 
a row of characters, 
the 


other is being filled with the next row of characters. 


The Buffer 
Input/Output 
Controllers 
decode 
the 


characters 
being 
placed 
in the row buffers. 
If the 


character 
is a field 
attribute 
or special 
code, they 


control 
the appropriate 
action. 
(Example: 
A "High- 


light" 
field 
attribute 
will 
cause the Buffer 
Output 


Controller 
to activate 
the HGLT output.) 


inter 


The 8276 is programmable 
to a large number 
of dif- 
ferent display formats. 
It provides 
raster timing, 
dis- 
play row buffering, 
visual 
attribute 
decoding 
and 


cursor 
timing. 


It is designed 
to interface 
with 
standard 
character 
generators 
for dot matrix decoding. 
Dot level timing 
must be provided 
by external 
circuitry. 


Display 
characters 
are retrieved 
from 
memory 
and 
displayed 
on a row-by-row 
basis. The 8276 has two 
row buffers. 
While one row buffer 
is being used for 
display, 
the other is being filled with the next row of 


characters 
to be displayed. 
The number 
of display 
characters 
per row and the number 
of character 
rows per frame are software 
programmable, 
provid- 
ing easy interface 
to most CRT displays. 
(See Pro- 
gramming 
Section.) 


The 8276 uses BRDY to request character 
data to fill 


the row buffer 
that is not being 
used for display. 


The 8276 displays 
character 
rows one scan line at a 


time. The number 
of scan lines per character 
row, 


the underline 
position, 
and blanking 
of top and bot- 


tom lines 
are programmable. 
(See Programming 


Section.) 


The 8276 provides 
special Control 
Codes which 
can 


be used to minimize 
overhead. 
It also provides 
Vis- 


ual Attribute 
Codes to cause special 
action 
on the 


screen without 
the use of the character 
generator. 


(See Visual Attributes 
Section.) 


The 8276 also controls 
raster timing. 
This is done by 


generating 
Horizontal 
Retrace (HRTC) and Vertical 


Retrace (VRTC) signals. 
The timing 
of these signals 


is also programmable. 


The 8276 can generate 
a cursor. Cursor location 
and 


format 
are 
programmable. 
(See 
Programming 


Section.) 


CHARACTER 
GENERATOR 
(ROM OR 
RAM) 


HIGH 
SPEED 


DOT 


TIMING 
lOGIC 


AND 
INTERFACE 


I 
I 
STATUS 


1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
Character 
Character 
Character; 
Character 
Character 
Character 
Character 
----~------ 
00••••000.0000.00 ••••• 000000000 
•••• 0000 ••• 000.000.0 


First 
Line of a Character 
Row 
-------------- 
00••••000.0000.00 ••••• 000000000 
•••• 0000 ••• 000.000.0 
o.oooo.oo••ooo.oo.ooooooooooooo.ooo.o~.ooo.oo.ooo.o 


Second 
Line of a Character 
Row 


1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Character 
Character 
Character 
Character 
-------------- 
00••••000.0000.00 ••••• 000000000 
•••• 0000 ••• 000.000.0 
n.oooo.OO ••OOO.OO.OOOOOOOOODDOO.OOO.OO.OOO.OO.OOO.O 
0.0000800.0000.00.0000000000000.000.00.000.00.000.0 


. Third 
Line of a Character 
Row 


1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Character 
Character 
Character 
Character...- 
-----~---- 
g~~~~~~88:~888=8B:~~~~888888888:~~~~88~~~~~88:B88:8 
O.ODOO.OO.O~oo.oo.OOOOOOOOOOOOO.OOO.OO.ODO.OD.ODO.O 
0.0000.00.0000.00•••• 0000000000 
•••• 000.000.00.0.0.0 
0.0000800800.0.00.00000000000008080000.00080080.080 
O.OOOO.OO.OOO ••CO.OOOOOOOOOOOOO.OO.Ooo.oooaoo.o.o.O 
00••••000.0000.00••••• 000000000.00.0000 
••• 0000.0.00 


Seventh 
Line of a Character 
Row 


Before the start of a frame, the 8276 uses BRDYand 
BS to fill one row buffer with characters. 


When the first horizontal sweep is started, character 
codes are output to the character generator from the 
row buffer just filled. Simultaneously, the other row 
buffer is filled with the next row of characters. 


After all the lines of the character row are scanned, 
the buffers are swapped and the same procedure is 
followed for the next row. 
. 


This process is repeated until all of the character 
rows are displayed. 


Row Buffering allows the CPU access to the display 
memory at all times except during Buffer Loading 
(about 25%). This compares favorably to alternative 
approaches which restrict CPUaccessto the display 
memory to occur only during horizontal and vertical 
retrace intervals (80% of the bus time is used to re- 
fresh the display.) 


inter 


DATA 


BUFFER 


1 2 3 4 5 6 7 8 9 . . . . . . . . . . . . . . 80 
2 
3 
4 
5 
6 
7 
8 
9 


The 8276 can also be prog ram med to blan k alternate 
rows. In this 
mode, 
the first 
row is displayed, 
the 


second 
blanked, 
the third 
displayed, 
etc. Display 


data is not requested 
for the blanked 
rows. 


Figure 6. Second 
Row Buffer 
Filled, First Row 
Displayed 


1 2 3 4 56 7 8 9 ..•............ 
80 


2 


3 


4 


5 


Figure 7. First Row Buffer 
Filled With Third 
Row, 
Second 
Row Displayed 


ROW FORMAT 
The 8276 is designed 
to hold the line count 
stable 


while 
outputting 
the appropriate 
character 
codes 


during 
each horizontal 
sweep. The line count 
is in- 


cremented 
during 
horizontal 
retrace and the whole 


row of character 
codes are output 
again during 
the 


next sweep. This is continued 
until the entire char- 


acter row is displayed. 


The number of lines (horizontal 
sweeps) per charac- 


ter row is programmable 
from 
1 to 16. 
Display Format 


SCREEN FORMAT 
The 8276 can be programmed 
to generate from 1 to 
80 characters 
per row, and from 
1 to 64 rows per 


frame. 


The output 
of the line counter 
can be programmed 


to be in one of two modes. 


In mode 0, the output of the line counter is the same 
as the line number. 


inter 


In mode 1, the line counter 
is offset by one from the 


line number. 


Note: 
In mode 1, while the first line (line number 0) is being dis- 
played, the last count 
is output 
by the line counter 
(see 
examples). 


Line 
Line 


Line 
Counter 
Counter 


Number 
Mode 0 
Model 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0000 
1111 
1 
0 
0 
0 
0 • 
0 
0 
0 
0 
0001 
0000 


2 
0 
0 
0 • 0 • 
0 
0 
0 
0010 
0001 


3 
0 
0 • 
0 
0 
0 • 0 
0 
a 01 1 
a a 10 


4 
0 • 
0 
0 
0 
0 
0 • 
0 
a 10 a 
a 01 1 


5 
0 • 
0 
0 
0 
0 
0 • 0 
a 1 a 1 
a 10 a 


6 
0 • • • • • • • 
0 
01 10 
a 10 1 


7 
0 • 
0 
0 
0 
0 
0 • 0 
0111 
01 10 


8 
0 • 
0 
0 
0 
0 
0 • 
0 
1000 
01 1 1 


9 
0 • 
0 
0 
0 
0 
0 • 0 
100 
1 
10 a a 


10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1010 
100 
1 


11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
101 
1 
1010 


12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1100 
101 
1 


13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1101 
1 100 


14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 1 10 
1 101 


15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1111 
1 1 10 


Line 
Line 


Line 
Counter 
Counter 


Number 
Mode 0 
Model 


a 
0 
0 
0 
0 
0 
0 
0 
0000 
100 
1 


1 
0 
0 
0 • 0 
0 
0 
a a 01 
0000 


2 
0 
0 • 
0 • 
0 
0 
a a 1 a 
0001 


3 
0 • 0 
0 
0 • 
0 
a 01 1 
00 1 a 


4 
0 • 
0 
0 
0 • 
0 
0100 
a 01 1 


5 
0 • • • • • 
0 
a 10 1 
a 1 a a 


6 
0 • 
0 
0 
0 • 
0 
01 10 
a 1 a 1 


7 
0 • 0 
0 
0 • 0 
01 1 1 
0110 


8 
0 
0 
0 
0 
0 
0 
0 
10 a a 
0111 


9 
0 
0 
0 
0 
0 
0 
0 
100 
1 
1000 


Mode 0 is useful for character 
generators 
that leave 


address zero blank and start at address 
1. Mode 1 is 


useful 
for 
character 
generators 
which 
start 
at 


address 
zero. 


Underline 
placement 
is also programmable 
(from 


line number 
0 to 15). This is independent 
of the line 


counter 
mode. 


If the line number 
of the underline 
is greater 
than 7 


(line number 
MSB = 1), then 
the top and bottom 


lines will 
be blanked. 


Line 
Line 


Line 
Counter 
Counter 


Number 
Mode 0 
Model 


a 
0 
0 
0 
0 
0 
[J 
0 
0 
0 
0000 
1011 


1 
0 
0 
0 
0 • 0 
0 
0 
0 
0001 
0000 


2 
0 
0 
0 • 0 • 0 
0 
0 
a a 10 
a a 01 
3 
0 
0 • 
0 
0 
0 • 
0 
0 
a 01 1 
0010 


4 
0 • 0 
0 
0 
0 
0 • 0 
a 1 a a 
a 01 1 


5 
0 • 
0 
0 
0 
0 
0 • 
0 
a 1 01 
a 1 a a 


6 
0 • • • • • • • 0 
01 10 
a 1 01 
7 
0 • 
0 
0 
0 
0 
0 • 
0 
0111 
0110 


8 
0 • 
0 
0 
0 
0 
0 • 0 
1000 
0111 


9 
0 • 0 
0 
0 
0 
0 • 
0 
100 
1 
1000 


10 
• • • • • • • • • 
1010 
10 01 


11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
101 
1 
1010 


Top and Bottom 
Lines are Blanked 


If the line number 
of the underline 
is less than 
or 


equal to 7 (line number 
MS!3 = 0), then the top and 


bottom 
lines will not be blanked. 


Line 
Line 


Line 
Counter 
Counter 


Number 
Mode 0 
Model 


a 
0 
0 
0 • 
0 
0 
0 
0000 
01 1 1 


1 
0 
0 • 0 • 0 
0 
0001 
0000 


2 
0 • 
0 
0 
0 • 
0 
a a 1 a 
0001 
3 
0 • 0 
0 
0 • 
0 
a all 
a a 1 a 


4 
0 • 
Ii • • • 
0 
a 10 a 
a 01 1 


5 
0 • 0 
0 
0 • 
0 
a 10 1 
0100 


6 
0 • 0 
0 
0 • 
0 
01 10 
a 1 a 1 


7 
• • • • • • • 
0111 
0110 


Top and Bottom 
Lines are not Blanked 


If the linenumber 
of the underline 
is greater than the 


maximum 
number 
of lines, the underline 
will not ap- 


pear. 


Blanking 
is accomplished 
by the VSP (Video 
Sup- 


pression) 
signal. 
Underline 
is accomplished 
by the 


LTEN (Light 
Enable) 
signal. 


inter 


DOT FORMAT 
Dot width and character width are dependent upon 
the external timing and control circuitry. 


Dot level timing circuitry should be designed to ac- 
cept the parallel output of the character generator 
and shift it out serially atthe rate required bythe CRT' 
display. 
~ 


Dot width is a function of dot clock frequency. 


Character 
width 
is a function 
of the character 


generator width. 


Horizontal character spacing is a function of the 
shift register length. 
' 


Note: 
Video control 
and timing signals must be synchronized 


with the video signal due to the character generator ac- 
cess delay. 


The character counter is driven by the character 
clock input (CCLK). It counts out the characters 
being displayed (programmable from 1to 80).It then 
causes the line counter to increment, and it starts 
counting out the horizontal retrace interval (pro- 
grammable from 2 to 32).This process is constantly 
repeated. 


PROGRAMMABLE 
2 TO 32 CCLKS 


NEXT 


LINE COUNT 


The line counter isdriven bythe character counter. It 
is used to generate the line address outputs (LCO-3) 
for the character generator. After it counts all of the 
lines in a character row (programmable from 1 to 
16), it increments the row counter, and starts over 
again. (See Character Format Section for detailed 
description of Line Counter functions.) 


The row counter is an internal counter driven by the 
line counter. It controls the functions of the row buf- 
fers and counts the number of character 
rows 


displayed. 


9-N~'"'CHAR:CTER 
ROW 
\ 


HRTCLJLfLrLJ 


After the row counter counts all of the rows in a 
frame (programmable from 1 to 64), it starts count- 
ing out the vertical retrace interval (programmable 
from 1 to 4). 


ONE FRAME 
, 
, 
. 


ROw'~6~~~~~~xx:x:xxxx 
FIRST 
LAST 
FIRST 
LAST 


DISPLAY 
DISPLAY 
RETRACE 
RETRACE 
ROW 
ROW 
ROW 
ROW 


---,--------,--- 
PROGRAMMABLE 
PROGRAMMABL.E 


, TO 64 ROW COUNTS 
1 TO 4 ROWCOUNTS 


The Video Suppression Output (VSP) is active dur- 
ing horizontal and vertical retrace intervals. 


Dot level timing circuitry must synchronize these 


Figure 15. Line Timing 
outputs with the video signal to the CRT Display. 


inter 


The 8276 can be programmed 
to generate 
an inter- 


rupt request 
at the end of each frame. 
If the 8276 


interrupt 
enable flag is set, an interrupt 
request will 


occur 
at the beginning 
of tne last display row. 


INTERNAL =ex 
ROW 
COUNTER 


VRTC~ 


INT 
t 


RO~_- 


A reset command 
will also cause INT to go inactive, 
but this is not recommended 
during 
normal service. 


Note: 
Upon power-up, the 8276 Interrupt Enable Flag may beset. 
As a result, the user's cold start routine should write a reset 
command 
to the 
8276 before 
system 
interrupts 
are 
enabled. 


VISUAL ATTRIBUTES 
AND SPECIAL 
CODES 


The characters 
processed 
by the 8276 are 8-bit 


quantities. 
The character 
code outputs 
provide the 


character 
generator 
with 7 bits of address. The Most 


Significant 
Bit is the extra bit and it is used to deter- 


mine if it is a normal display character 
(MSB = 0), or 


if it is a Field Attribute 
or Special Code (MSB = 1). 


Four special codes are available to help reduce bus 
usage. 


MSB 
1 
1 
1 
1 


LSB 


o 
0 S S 
t=..........- 
SPECIAL CONTROL 
CODE 


S 
S 


o 
0 


o 
1 


1 
0 
1 
1 


End of Row 


End of Row-Stop 
Buffer Loading 


End of Screen 


End of Screen-Stop Buffer Loading 


The End of Row Code (00) activates VSP and holds it 
to the end of the line. 


The End of Row-Stop 
Buffer 
Loading 
(BRDY) Code 


(01) causes the Buffer Loading Control 
Logic to stop 


buffer 
loading 
for the rest of the row upon 
being 


written 
into the Row Buffer. It affects the display 
in 


the same way as the End of Row Code (00). 


The End of Screen 
Code (10) activates 
VSP and 


holds it to the end of the frame. 


The End of Screen-Stop 
Buffer 
Loading 
(BRDY) 


Code (11) causes the Row Buffer 
Control 
Logic to 


stop buffer 
loading 
for the rest of the frame 
upon 


being written. 
It affects the display 
in the same way 


as the End of Screen Code (10). 


If the Stop 
Buffer 
Loading 
feature 
is not used, all 
characters 
after 
an End of Row character 
are ig- 


nored, 
except 
for the End of Screen 
character, 


which operates normally. All characters 
after an End 


of Screen character 
are ignored. 


Note: 
If a Stop Buffer Loading is not the last character 
in a row, 


Buffer Loading is not stopped until after the next character 
is read. In this situation, 
a dummy 
character 
must be 


placed in memory after the Stop Buffer Loading character. 


The field attributes 
are control 
codes which 
affect 


the visual 
characteristics 
for a field of characters, 


starting 
at the character 
following 
the code up to, 


and including, 
the character 
which 
precedes 
the 


next field 
attribute 
code, 
or up to the end of the 


frame. The field attributes 
are reset during 
the verti- 


cal retrace 
interval. 


inter 


The 8276 can be programmed 
to provide visible field 


attribute 
characters; 
all field attribute 
codes will oc- 
cupy a position 
on the screen. These codes will ap- 


pear as blanks 
caused 
by activation 
of the Video 


Suppression 
output 
(VSP). The chosen 
visual attri- 


butes are activated 
after this blanked 
character. 


There are six field attributes: 


1. Blink-Characters 
following 
the 
code 
are 


caused 
to blink 
by activating 
the Video 
Sup- 


pression 
output 
(VSP). The blink frequency 
is 
equal to the screen 
refresh frequency 
divided 
by 32. 


2. Highlight-Characters 
following 
the code are 
caused to be highlighted 
by activating 
the High- 
light output 
(HGL T). 


3. Reverse Video-Characters 
following 
the code 
are caused to appear with reverse video by ac- 
tivating 
the Reverse Video output 
(RVV). 


4. Underline-Characters 
following 
the code are 
caused to be underlined 
by activating 
the Light 
Enable output 
(LTEN). 


5,6. 
General 
Purpose-There 
are two additional 
8276 outputs 
which act as general purpose, 
in- 


dependently 
programmable 
field 
attributes. 
GPAO-1 
are active high outputs. 


ABC 
D 
E 
F G 
H 
I J 
K 
L M 


NOPORSTUV 


Figure 20. Example of a Visible Field AUribute 
(Underline AUrlbute) 


MSB 
1 0 


LSB 


U 


1 


R 


1 T__ 
i_~ 
~~~~~IGHT 


. 
GENERAL PURPOSE 
REVERSE VIDEO 
UNDERLINE 


H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 
GG = GPA1. GPAo 


Note: 
More than one attribute 
can be enabled 
at the same time. 


It the blinking 
and reverse 
video 
attributes 
are enabled 


simultaneously, 
only the reversed 
characters 
will blink. 


The cursor 
location 
is determined 
by a cursor 
row 


register and a character 
position 
register which 
are 
loaded 
by command 
to the controller. 
The cursor 


can be programmed 
to appear on the display as: 


1. a blinking 
underline 
2. a blinking 
reverse video 
block 


3. a non-blinking 
underline 


4. a non-blinking 
reverse video 
block 


The cursor blinking 
frequency 
is equal to the screen 
refresh frequency 
divided 
by 16. 


If a non-blinking 
reverse video cursor 
appears 
in a 


non-blinking 
reverse video field, the cursor 
will ap- 


pear as a normal 
video 
block. 


If a non-blinking 
underline 
cursor appears in a non- 


blinking 
underline 
field, 
the 
cursor 
will 
not 
be 


visible. 


The 8276 has two programming 
registers, 
the Com- 


mand Register 
and the Parameter 
Register. 
It also 


has a Status Register. 
The Command 
Register 
can 


only be written 
into and the Status Register can only 


be read from. They are addressed 
as follows: 


elF> 
OPERATION 
REGISTER 


0 
Read 
Reserved 


0 
Write 
Parameter 


1 
Read 
Status 


1 
Write 
Command 


The 8276 expects to receive a command 
and a sequ- 


ence of 0 to 4 parameters, 
depending 
on the com- 


mand. If the proper 
number 
of parameter 
bytes are 


not received 
before 
another 
command 
is given, 
a 


status flag is set, indicating 
an improper 
command. 


NO. OF PARAMETER BYTES 


4 
o 
o 
2 
o 
o 
o 


Reset 
Start Display 
Stop Display 
Load Cursor 
Enable Interrupt 
Disable Interrupt 
Preset Counters 


In addition, 
the status of the 8276 can be read by the 


CPU at any time. 


DATA 
BUS 
OPERATION 
CIP 
DESCRIPTION 
M5B 
l5B 


Command 
Write 
1 
Reset 
Command 
00000000 


Write 
0 
Screen 
Camp 
SHHHHHHH 
Byte 1 


Write 
0 
Screen 
Camp 
VVRRRRRR 
Byte 2 
Parameters 
Screen 
Camp 
Write 
0 
Byte 3 
UUUULlLL 


Write 
0 
Screen 
Comp 
." 


CCZZZZ 
Byte 4 


Action-After 
the reset command 
is written, 
BRDY 


goes inactive, 
8276 interrupts 
are disabled, 
and the 


VSP output 
is used to blank 
the screen. 
HRTC and 


VRTC continue 
to run. HRTC and VRTC timing 
are 


random 
on power-up 


As parameters 
are written, 
the screen composition 
is 


defined. 


Parameter-S 
Spaced 
Rows 


S 
FUNCTIONS 


o 
Normal Rows 


Spaced Rows 


Parameter-HHHHHHH 
Horizontal 
Characters/Row 


NO. OF CHARACTI:RS 
PER ROW 


1 
2 
3 


H H H H H H H 


000 
000 
0 
o 0 0 0 0 0 
1 
0000010 


001111 
o 
1 000 
0 
80 
Undefined 


Parameter-VV 
Vertical 
Retrace 
Row Count 


V V 
NO.OF ROWCOUNTS PERVRTC 


o 0 
1 
o 1 
2 
1 0 
3 
1 1 
4 


Parameter-RRRRRR 
Vertical 
Rows/Frame 


R R R R R R 
NO. OF ROWS/FRAME 


o 0 0 0 0 0 
1 


o 0 0 0 0 
1 
2 


o 0 0 0 
1 0 
3 


Parameter-UUUU 
Underline 
Placement 


LINE NU~BER OF 
UNDERLINE 


1 
2 
3 


U U U U 


000 
0 
000 
1 
001 
0 


Parameter-LLLL 
Number 
of Lines 
per Character 
Row 


L L L L 
NO. OF LINES/ROW 


0000 
1 
0001 
2 
o 0 
1 0 
3 


Parameter-M 
Line Counter 
Mode 


M 
LINE COUNTER MODE 
o 
Mode 0 (Non-Offset) 
1 
Mode 1 (Offset by 1 Count) 


C C 
o 0 
o 
1 
1 0 
1 1 


Blinking reverse video block 
Blinking underline 
Non-blinking 
reverse video block 
Non-blinking 
underline 


Parameter-ZZZZ 
Horizontal 
Retrace 
Count 


NO. OF CHARACTER 
Z 
Z 
Z 
Z 
COUNTS PER HRTC 


0 
0 
0 
0 
2 


0 
0 
0 
1 
4 
0 
0 
1 0 
6 


Note: 
uuuu MSB determines 
blanking of top and oottom lines 


(1 = blanked, 0 = not blanked). 


DATA 
8US 


MSB 
LSB 


Command 
0 
0 
1 
0 
0 
0 
0 
0 


Actlon-8276 
interrupts 
are enabled, 
BRDY goes 


active, video is enabled, 
Interrupt 
Enable and Video 


Enable status flags are set. 


DATA 
BUS 


M$B 
LSB 


01000000 


Action-Disables 
video, interrupts 
remain enabled, 


HRTC and 
VRTC 
continue 
to 
run, 
Video 
Enable 


status 
flag 
is reset, and the "Start 
Display" 
com- 


mand must be given to reenable 
the display. 


DATA 
BUS 
OPERATION 
ClP 
DESCRIPTION 
MSB 
LSB 


Command 
Write 
1 
Load 
Cursor 
1 
0 
0 
0 
0 
0 
0 
0 


Parameters 
Write 
0 
Char. 
Number 
(Char. Position 
in Row) 


Write 
0 
Row Number 
(Row Number) 


Action-The 
8276 is conditioned 
to place the next 


two parameter 
bytes into the cursor 
position 
regis- 


ters. Status flag not affected. 


DATA 
BUS 
MSB 
LSB 


10100000 


Actlon- 
The interrupt 
enable 
flag is set and inter- 


rupts are enabled. 


DATA 
BUS 


MSB 
LSB 


11000000 


Action-Interrupts 
are disabled 
and the interrupt 


enable status flag is reset. 


DATA 
BUS 


MSB 
LSB 


11100000 


Action-The 
internal 
timing 
counters 
are preset, 


corresponding 
to a screen display position 
at the top 


left corner. 
Two character 
clocks 
are required 
for 


this operation. 
The counters 
will remain in this state 


until any other command 
is given. 


This command 
is useful for system debug 
and syn- 


chronization 
of clustered 
CRT displays 
on a single 


CPU. 
~ 


DATA 
BUS 
MSB 
L$B 


o IE 
IR 
X Ie VE 8U X 


IE 
- 
(Interrupt 
Enable) 
Set or reset by command. 


It enables vertical 
retrace interrupt. 
It is auto- 


matically 
set by a "Start 
Display" 
command 


and reset with the "Reset" 
command. 


IR 
- 
(Interrupt 
Request) 
This flag is set at the be- 


ginning 
of display of the last row of the frame 


if the interrupt 
enable 
flag 
is set. It is reset 


after a status 
read operation. 


IC 
- 
(Improper 
Command) 
This flag is set when a 


command 
parameter 
string 
is too long or too 


short. 
The flag is automatically 
reset after a 


status 
read. 


VE - 
(Video Enable) 
This flag indicates 
that video 


operation 
of the CRT is enabled. 
This flag is 


set on a "Start 
Display" 
command, 
and reset 


on a "Stop 
Display" 
or "Reset" 
command. 


BU - 
(Buffer 
Underrun) 
This flag is set whenever 
a 


Row Buffer is not filled with character 
data in 


time for a buffer swap required 
by the display. 


Upon 
activation 
of this 
bit, 
buffer 
loading 


ceases, and the screen 
is blanked 
until after 


the vertical 
retrace 
interval. 


Ambient Temperature Under Bias .... 
O°Cto 70°C 
Storage Temperature 
-65°C to +150°C 


Voltage On Any Pin 


With Respect to Ground 
-O.5V to + 7V 
Power Dissipation 
1 Watt 


"NOTICE: 
Stresses 
above those 
listed 
under 
"Absolute 
Maxi- 


mum Ratings" 
may cause permanent 
damage to' the device. This 


is a stress rating 
only and functional 
operation 
of the device at 


these or any other conditions 
above those indicated 
in the opera- 


tional 
sections 
of this specificati0[1 
is not implied. 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNITS 
., 
TEST 
CONDITIONS 


Vil 
Input 
Low 
Voltage 
-0.5 
0.8 
V 


VIH 
Input 
High 
Voltage 
2.0 
Vee 
+ 0.5V 
V 
;-" 
-.,"11'1" 


VOL 
Output 
Low 
Voltage 
.. 
0.45 
V 
IQl = 2.2 mA 


VOH 
Output 
High 
Voltage 
2.4 
V 
IOH';" 
-400 
p..A 


'•• c· ~., 


III 
Input 
Load 
Current 
±10 
p..A 
VIN = Vee 
to OV 


..., 


IOFl' 
Output 
Float 
Leakage 
±10 
/LA 
VOUT = Vee 
to 0.45V 


Ice 
Vee 
Supply 
Current 
160 
mA 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNITS 
TEST 
CONDITIONS 


CIN 
Input 
Capacitance 
10 
pF 
fe = 1 MHz 


CltO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins 
returned 
to VSS' 


inter 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNITS 
TEST CONDITIONS 


tAR 
Address Stable Before READ 
0 
ns 


tRA 
Address Hold Time for READ 
0 
ns 


tRR 
READ Pulse Width 
250 
ns 


tRO 
Data Delay from READ 
200 
ns 
CL = 150pF 


tOF 
READ to Data Floating 
20 
100 
ns 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNITS 
TEST CONDITIONS 


tAW 
Address Stable Before WRITE 
0 
ns 


tWA 
Address Hold Time for WRITE 
0 
ns 


tww 
WRITE Pulse Width 
250 
ns 


tow 
Data Setup Time for WRITE 
150 
ns 


two 
Data Hold Time for WRITE 
0 
ns 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNITS 
TEST CONDITIONS 


tCLK 
Clock Period 
480 
ns 


tKH 
Clock High 
240 
ns 


tKL 
Clock Low 
160 
ns 


tKR 
Clock Rise 
5 
30 
ns 


tKF 
Clock Fall 
5 
30 
ns 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNITS 
TEST CONDITIONS 
tcc 
Character Code Output Delay 
150 
ns 
CL = 50 pF 


tHR 
Horizontal Retrace Output Delay 
200 
ns 
CL = 50 pF 


tLC 
Line Count Output Delay 
400 
ns 
CL = 50 pF 


tAT 
Control/Attribute 
Output Delay 
275 
ns 
CL = 50 pF 


tVR 
Vertical Retrace Output Delay 
275 
ns 
CL = 50 pF 


tRI 
INT! from RDj 
250 
ns 
CL = 50 pF 


tWQ 
BRDYj from WRj 
250 
ns 
CL = 50 pF 


tRQ 
BRDY! from WR! 
200 
ns 
CL = 50 pF 


tLR 
BS! to WR! 
0 
ns 


tRL 
WRj to BSj 
0 
ns 


ATTRIBUTES 
& CONTROLS 
(FROM 
SVNCHRONIZER) 


VIDEO 
CONTROLS 
AND ATTRIBUTES· 


q:LK·l~ 
~ 


I 
rROMACCESS 


SECOND CHARACTER 


ATTRIBUTES & CONTROLS 


FOR 
2NO 
CHAR. 


i 


1LC 


__ -------------~~ 
NEXT LINE COUNT 


INTERNAL 
ROW 
PRESENT ROW 


COUNTER ----J.~----------_I 


INTERNAL 


COUN~~:::::::_: 
__L_3}-'I-R---- 


~ 


AST 
RETRACE 


ROW 


C/PJ 
\ 


<~ 
/ 


RO 
('i 


\ 


INT 


inter 


--itKot 


BRDY J-----------\ 
_ 


2.' =X2.0> 
TEST POINTS ~2.0X== 
0.8 
0.8 
0.45 
---------- 


FOR A.C. TESTING, 
INPUTS 
ARE 
DRIVEN 
AT 2.4V 
FOR A LOGIC 
"1" 


AND O.45V FOR A LOGIC 
"0." 
TIMING 
MEASUREMENTS 
FOR INPUT 


AND 
OUTPUT 
SIGNALS 
ARE 
MADE 
AT 2.DV FOR A LOGIC 
"'" 
AND 
a.BV 
FOR A LOGIC 
"0," 


inter 


8279/8279·5 
PROGRAMMABLE 
KEYBOARD/OrSPLAY 
INTERFACE 


• MCS-85™ Compatible 
8279-5 


• Simultaneous 
Keyboard Display 
Operations 


• Scanned Keyboard Mode 


• Scanned Sensor Mode 


• Strobed Input Entry Mode 


• 8·Character 
Keyboard FIFO 


• 2·Key Lockout or N-Key Rollover with 
Contact 
Debounce 


• Right or Left Entry 16·Byte Display 


RAM 


The Intel~ 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel<!lmicroprocessors. 
The keyboard portion 
can provide a scanned interface 
to a 64·contact 
key matrix. The 
keyboard portion will also interface to an array'of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2·key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 


The display 
portion 
provides 
a scanned 
display 
interface 
for 
LED, incandescent, 
and other 
popular 
display 
technologies. 
Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 


has 16X8display RAM which can be organized into dual 16X4,The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Bath read and write of the display RAM 
can be done with auto·increment of the display RAM address. 


IRQ 


DATA 
BUS 
SHIFT 
- 
KEY DATA 


AD 


WR 
CNTlISTB 


CPU 
INTERFACE 


cs 


SLO.l 
SCAN 


AO 


I 
OUT Aao] 


l 


RESET 


DISPLAY 


CLK 
OUT B().] 
DATA 


Vss 


Figure 
1. Logic Symbol 


SL, 


SL, 


SL, 


SL, 


OUT 80 


OUT 8, 


OUT 82 


28 
OUT OJ 


27 
OUT ~ 


Qur 
A2 


24 
OUT AJ 
lll5 
~ 


inter 


The 8279 is packaged 
in a 40 pin DIP. The following 
is 


a functional 
description 
of each pin. 


Pin 
Symbol 
No. 
Name and Function 


DBo-DB7 
8 
BI-dlrectlonal 
data bus: All data 
and commands between the CPU 
and the 8279 are transmitted 
on 
these lines. 


ClK 
1 
Clock: Clock from system used to 
generate internal timing. 


RESET 
1 
Reset: A high signal on this pin re- 
sets the 8279. After being reset the 
8279 is placed 
in the following 
mode: 
1) 16 
8-bit 
character 
display 
-left 
entry. 


2) Encoded 
scan 
keyboard-2 
key lockout. 


Along with this the program clock 
prescaler is set to 31. 


CS 
1 
Chip Select: 
A low on this pin en- 
ables the interface 
functions 
to 
receive or transmit. 


Ao 
1 
Buffer 
Address: 
A high on this 
line indicates the signals in or out 
are interpreted as a command or 
status. A low indicates that they 
are data. 


RD,WR 
2 
Input/Output 
Read 
and 
Write: 
These 
signals 
enable 
the data 
buffers to either send data to the 
external bus or receive it from the 
external bus. 


IRQ 
1 
Interrupt 
Request: 
In 
a 
key- 
board mode, the interrupt 
line is 
high 
when there 
is data in the 
FIFO/Sensor RAM. The interrupt 
line 
goes 
low with 
each 
FIFO/ 


Sensor 
RAM read and 
returns 
high if there is still information 
in 
the RAM. In a sensor mode, the 
interrupt line goes high whenever 
a change in a sensor is detected. 


Vss, Vcc 
2 
Ground and power supply pins. 


SLo-Sla 
4 
SCan Lines: 
Scan lines which are 
used to scan the key switch 
or 
sensor 
matrix 
and the display 
digits. These lines can be either 
encoded (1 of 16) or decoded (1 
of 4). 


RLo-Rl7 
8 
Return 
Line: 
Return 
line inputs 
which are connected to the scan 
lines through 
the keys or sensor 
switches. They have active internal 
pullups to keep them high until a 
switch closure pulls one low. They 
also serve as an 8-bit input in the 
Strobed Input mode. 


Pin 
Symbol 
No. 
Name and Function 


SHIFT 
1 
Shift: 
The shift 
input 
status 
is 


stored along with the key position 
on key closure in the Scanned Key- 
board modes. It has an active in- 
ternal pullup to keep it high until a 
switch closure pulls it low. 


CNTUSTB 
1 
Control/Strobed 
Input Mode: For 


keyboard modes this line is used 
as a control input and stored like 
status on a key closure. The line 
is also the strobe line that enters 
the 
data 
into 
the 
FIFO in the 


Strobed Input mode. 


(Rising Edge). It has an active in- 
ternal pullup to keep it high until 
a switch closure pulls it low. 


OUT Ao-OUT Aa 
4 
Outputs: 
These two ports are the 


OUT Bo-OUT Ba 
4 
outputs for the 16 x 4 display re- 
fresh 
registers. 
The data from 


these outputs 
is synchronized 
to 


the scan lines (SLo-Sla) for multi- 
plexed digit 
displays. The two 4 


bit ports 
may be blanked 
inde- 


pendently. These two ports may 
also be considered 
as one 8-bit 


port. 


BD 
1 
Blank 
Display: 
This 
output 
is 


used to blank the display during 
digit 
switching 
or by a display 


blanking command. 


Since 
data input 
and display 
are an integral 
part of many 


microprocessor 
designs, 
the system 
designer 
needs 
an 


interface 
that can contrOl these functions 
without 
placing 


a large load on the CPU. The 8279 provides 
this function 


for 8-bit 
microprocessors. 


The 
8279 has two 
se<;tions: 
keyboard 
and display. 
The 


keyboard 
section 
can interface 
to regular 
typewriter 
style 


keyboards 
or 
random 
toggle 
or 
thumb 
switches. 
The 


display 
section 
drives alphanumeric 
displays 
or a bank of 


indicator 
lights. 
Thus the CPU is relieved 
from scanning 


the keyboard 
or refreshing 
the display. 


The 
8279 
is 
designed 
to 
directly 
connect 
to 
the 


microprocessor 
bus. The CPU can program 
all operating 


modes 
for the 8279. These 
modes 
include: 


IIfput-Molres 


• Scanned 
Keyboard - 
with 
encoded 
(8 x 8 key 
keyboard) or decoded (4 x 8 key keyboard) scan lines. 
A key depression generates a 6-bit encoding of key 
position. 
Position and shift and control 
status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover. 


• Scanned Sensor Matrix - 
with encoded (8 x 8 matrix 


switches) or decoded (4 x 8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 


• Strobed Input -- 
Data on return lines during control 
line strobe is transferred to FIFO. 


Output Modes 


- 8 or 16 character multiplexed displays that can be or- 
ganized as dual 4-bit or single 8-bit (Bo= Do,A3 = 07). 


• Right entry or left entry display formats. 


Other features of the 8279 include: 


• Mode programming from the CPU. 


• Clock Prescaler 


• Interrupt output to signal CPU when there is keyboard 


or sensor data available. 


• An 8 byte FIFO to store keyboard information. 


• 16 byte internal Display RAM for display refresh. This 


RAM can also be read by the CPU. 


16 
III 8 
DISPLAY 
RAM 


TIMING 
AND 
CONTROL 


The following is a description of the major elements of tne 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 3. 


The I/O control section usesthe CS, Ao, RD and WR lines 
to control 
data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified 
by Ao. A logic one 
means the information is a command or status. A logic 
zero meansthe information is data. RDand WRdetermine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional 
buffers that connect the 


internal bus to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WR-CS and output during 
RD. 
CS. 


These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes 
are 
programmed 
by 
presenting 
the 
proper 


command on the data lines with Ao = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 


KEYBOARD 
OEBOUNCE 
AND 
CONTROL 


Figure 3. Internal 
Block Diagram 
1-397 


inter 


The command 
is then decoded and the appropriate 


function 
is set. The timing control contains the basic 


timing counter chain. The first counter is a .•.N prescaler 
that can be programmed to yield an internal frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan, and display 
scan times. 


Scan Counter 


The scan counter has two modes. In the encoded mode, 
the 
counter 
provides 
a binary 
count 
that 
must be 


externally 
decoded to provide the scan lines for the 


keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 


In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 


Return Buffers and Keyboard Debounce 
and Control 
. 


The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly 
transferred to the corresponding 
row of the 


Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 


FIFO/Sensor RAM and Status 
This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. Inthis mode, IRQis 
high if a change in a sensor is detected. 


Display Address Registers and Display RAM 


The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 
4-bit 
nibbles 
being 
displayed. 
The 
read/write 


addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set 
to 
either 
left 
or 
right 
entry. 
See Interface 


Considerations for details. 


8279 commands 


The following 
commands program the 8279 operating 


modes. The commands are sent on the Data Bus with CS 
low and Ao high and are loaded to the 8279on the rising 
edge of WR. 


Keyboard/Display 
Mode Set 


MSB 
LSB 


Code: 
~ 


Where DO is the Display Mode and KKK is the Keyboard 
Mode. 


DO 
o 
0 
8 8-bit character display - 
Left entry 
o 
1 
16 8-bit character display - 
Left entry· 


o 
8 8-bit character display - 
Right entry 


16 8-bit character display - 
Right entry 


For description 
of right and left entry, see Interface 


Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 


Encoded Scan Keyboard - 
2 Key Lockout' 


Decoded Scan Keyboard - 
2-Key Lockout 


Encoded Scan Keyboard - 
N-Key Rollover 


Decoded Scan Keyboard - 
N-Key Rollover 


Encoded Scan Sensor Matrix 


Decoded Scan Sensor Matrix 


Strobed Input, Encoded Display Scan 


Strobed Input, Decoded Display Scan 


Program Clock 


COde:~ 


All timing 
and multiplexing 
signals for the 8279 are 


generated 
by an 
internal 
prescaler. 
This 
prescaler 


divides the external clock (pin 3) by a programmable 
integer. Bits PPPPPdetermine the value of this integer 
which ranges from 2 to 31. Choosing a divisor that yields 
100 kHZ' will 
give the specified 
scan and debounce 


times. For instance, if Pin 3 of the 8279 is being clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100kHz operat- 
ing frequency. 


Read FIFO/Sensor RAM 


Code: ~ 
X=Don'tCare 


The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key· 


board Mode, the Auto-Increment flag (AI) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati- 
cally drive the data bus for each subsequent read (Ao= 0) 
in the same sequence in which the data first entered the 
FIFO. All subseguent reads will be from the FIFO until 
another command is issued. 


In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the AI flag 
is set (AI = 1),each successive read will be from the sub- 
sequent row of the sensor RAM. 


Read Display RAM 


COde:= 


The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the AI 
flag is set (AI = 1),this row address will be'incremented 
after each following 
read or write to the Display RAM. 


Since the same counter is used for both reading and 
writing, 
this 
command 
sets the next 
read or write 
address and the sense of the Auto-Increment mode for 
both operations. 


Write Display RAM 


COde:~ 


The CPU sets up the 8279 for a write to the Display RAM 
by first 
writing this command. After writing the com· 
mand with Ao= 1, all subsequent writes with Ao= 0 will 
be to the 
Display 
RAM. The addressing 
and Auto· 
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, 
the Write 
Display RAM will, 
nevertheless, 


change the next Read location. 


A 
B 
A 
B 


~ 


The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting the IW flag (IW= 1)for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPUdo not affect that port. Thus, if each nibble 
is input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit Bocorresponds 
to bit Doon the CPU bus, and that bit A3 corresponds to 
bit 07, 


If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a "blank." This code 
defaults 
to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8·bit port. 


The Co bits are available in this command to clear all 
rows of the Display RAM to a selectable blanking code 
as follows:r':,CX~ 
All Z"o, 
IX • Do"', "',,' 


1 
0 
AB = Hex 20 (0010 0000) 


1 
1 
All Ones 


Enablecleardisplay when = 1 (or by CA = 1) 


During the time the Display RAM is being cleared ("'1601's), 
it may not be written to. The most significant 
bit of the 


FIFO status word is set during this time. When the Dis· 
play RAM becomes available again, it automatically 
resets. 


If the CF bit is asserted (CF= 1), the FIFO status 
is 


cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row O. 


CA, the Clear All bit, has the combined effect of CDand 
CF; it uses the CDclearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 


End Interrupt/Error Mode Set 


~ 
x = Don't care. 


For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until reset). 


For the N-key rollover mode - 
if the E bit is pr09rammed 


to "1" the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 


Status Word 


The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 


Data Read 


Data is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RDwill causethe address 
of the RAM being read to be incremented if the Auto- 
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of AI. 


Data Write 


Data that is written with Ao, CS and WR low is always 
written to the Display RAM.The address isspecified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WRoccurs if AI set by 
the latest display command. 


inter 


INTERFACE 
CONSIDERATIONS 


Scanned 
Keyboard 
Mode, 
2·Key Lockout 


There 
are 
three 
possible 
combinations 
of 
conditions 


that can occur 
during 
debounce 
scanning. 
When a key is 


depressed, 
the debounce 
logic 
is set. Other 
depressed 


keys 
are looked 
for during 
the next 
two 
scans. 
If none 


are encountered, 
it is a single 
key depression 
and the 


key 
position 
is entered 
into 
the 
FIFO 
along 
with 
the 


status 
of CNTL 
and SHIFT 
lines. 
If the FIFO was empty, 
IRQ will 
be set to signal 
the CPU that there 
is an entry 
in 


the FIFO. If the FIFO was full, the key will not be entered 
and the error 
flag will 
be set. If another 
closed 
switch 
is 


encountered, 
no entry 
to the FIFO can occur. 
If all other 


keys are released 
before 
this one, then 
it will 
be entered 


to the 
FIFO. 
If this 
key is released 
before 
any other, 
it 


will 
be entirely 
ignored. 
A key 
is entered 
to 
the 
FIFO 


only 
once 
per 
depression, 
no matter 
how 
many 
keys 


were 
pressed 
along 
with 
it or in what 
order 
they 
were 


released. 
If two keys are depressed 
within 
the debounce 


cycle, 
it is a simultaneous 
depression. 
Neither 
key will 


be recognized 
until 
one 
key remains 
depressed 
alone. 
The last 
key will 
be treated 
as a single 
key depression. 


Scanned 
Keyboard 
Mode, 
N·Key 
Rollover 


With 
N-key 
Rollover 
each 
key 
depression 
is 
treated 


independently 
from 
all others. 
When 
a key is depressed, 
the 
debounce 
circuit 
waits 
2 keyboard 
scans 
and then 


checks 
to see if the key is still 
down. 
If it is, the key is 


entered 
into 
the 
FIFO. 
Any 
number 
of 
keys 
can 
be 


depressed 
and 
another 
can 
be recognized 
and entered 


into the FIFO. 
If a simultaneous 
depression 
occurs, 
the 


keys are recognized 
and entered 
according 
to the order 


the keyboard 
scan found 
them. 


Scanned 
Keyboard 
- 
Special 
Error Modes 


For N-key 
rollover 
mode the user can program 
a special 


error mode. This is done by the "End Interrupt/Error 
Mode 


Set" 
command. 
The 
debounce 
cycle 
and 
key-validity 


check 
are as in normal 
N-key 
mode. 
If during 
a single 
debounce 
CYCle, two 
keys 
are found 
depressed, 
this 
is 
considered 
a simultaneous 
multiple 
depression, 
and sets 
an error flag. This flag will prevent 
any further 
writing 
into 
the FIFO and will set interrupt 
(if not yet set). Theerror 
flag 


could 
be read in this mode by reading 
the FIFO STATUS 
word. 
(See "FIFO 
STATUS" 
for further 
details.) 
The error 
flag is reset by sending 
the normal 
CLEAR command 
with 


CF 
= 
,. 


Sensor 
Matrix 
Mode 


In Sensor 
Matrix 
mode, 
the debounce 
logic 
is inhibited. 
The status of the sensor 
switch 
is inputted 
directly 
to the 
Sensor 
RAM. In this way the Sensor RAM keeps an image 
of the state of the switches 
in the sensor matrix. 
Although 


debouncing 
is not provided, 
this mode has the advantage 
that the CPU knows 
how long the sensor 
was closed and 
when 
it was released. 
A keyboard 
mode can only indicate 
a validated 
closure. 
To 
make 
the 
software 
easier, 
the 


designer 
should 
functionally 
group 
the sensors 
by row 
since 
this is the format 
in which 
the CPU will read them. 


The 
IRQ 
line 
goes 
high 
if any sensor 
value 
change 
is 


detected 
at the end of a sensor matrix scan. The IRQ line is 


cleared 
by the first 
data 
read 
operation 
if the Auto- 


Increment 
flag 
is set to 
zero, 
or 
by the 
End 
Interrupt 


command 
if the Auto-Increment 
flag is set to one. 


Note: Multiple 
changes 
in the matrix 
Addressed 
by (SLo-3 


= OJmay cause multiple 
interrupts. 
(SLo=O inthe 
Decoded 


Mode>. Reset may cause the 8279 to see multiple 
changes. 


Data Format 


In the 
Scanned 
Keyboard 
mode, 
the character 
entered 


into the FIFO corresponds 
to the position 
of the switch 


in the keyboard 
plus 
the status 
of the CNTL 
and SHIFT 


lines 
(non-inverted). 
CNTL 
is the 
MSB of the character 


and 
SHIFT 
is the 
next 
most 
significant 
bit. 
The 
next 


three 
bits 
are from 
the 
scan 
counter 
and 
indicate 
the 


row the key was found 
in. The last three 
bits are from the 


column 
counter 
and indicate 
to which 
return 
line the key 


was connected. 


MSB 
LSB 


~ 
:SCAN: 
R:ETUR~ 


SCANNED KEYBOARD DATA FORMAT 


In Sensor 
Matrix 
mode, 
the 
data 
on the 
return 
lines 
is 


entered 
directly 
in 
the 
row 
of 
the 
Sensor 
RAM 
that 
corresponds 
to 
the 
row 
in the 
matrix 
being 
scanned. 


Therefore, 
each switch 
postion 
maps directly 
to a Sensor 


RAM position. 
The SHIFT and CNTL 
inputs 
are ignored 
in 
this mode. Note that switches 
are not necessarily 
the only 


thing 
that 
can 
be connected 
to the 
return 
lines 
in this 


mode. 
Any 
logic 
that 
can be triggered 
by the scan lines 
can enter data to the return 
line inputs. 
Eight mUltiplexed 


input ports could 
be tied to the return lines and scanned 
by 


the 8279. 


In Strobed 
Input mode, the data is also entered to the FIFO 


from 
the 
return 
lines. 
The 
data is entered 
by the rising 
edge 
of 
a CNTLlSTB 
line 
pulse. 
Data 
can 
come 
from 
another 
encoded 
keyboard 
or simple 
switch 
matrix. 
The 


return 
lines can also be used as a general 
purpose 
strobed 
input. 


Display 


Left Entry 


Left Entry mode is the simplest 
display 
format 
in that each 


display 
position 
directly 
corresponds 
to a byte (or nibble) 


in the Display 
RAM. Address a in the RAM is the left-most 


display 
character 
and 
address 
15 (or 
address 
7 i.n 8 


character 
display) 
is the 
right 
most 
display 
character. 


Entering 
characters 
from position 
zero causes the display 


to fi II from the left. The 17th (9th) character 
is entered 
back 


in the left most position 
and filling 
again 
proceeds 
from 


there. 


o 
1 


2ndentry ~= 


14 15 
=IIJ 
o 
1 
14 15 


16th entry [~:E[ ===EEJ 


0 
1 
14 15 


17th entry ~= 
=EEJ 


0 
1 
14 15 


18th entry ~= 
=EEJ 


Right Entry 


Right 
entry 
is 
the 
method 
used 
by 
most 
electronic 


calculators. 
The 
first 
entry 
is placed 
in the 
right 
most 


display 
character. 
The next entry is also placed in the right 


most 
character 
after 
the 
display 
is 
shifted 
left 
one 


character. 
The 
left most 
character 
is shifted 
off the end 


and is 19st. 


1 
2 
14 15 
0-+ Display 


1stentry ITJ= - 
-~RAM 
_ 
Address 


2 
3 
15 
0 
1 


2nd entry ITJ-- 
=IEQJ 


3 
4 
0 
1 
2 


3rd entry ITI= 
]~ 


0 
1 
13 14 15 


16th entry [~:[ 
=~ 


1 
2 
14 15 
0 


17th entry [2E[ 
=EEEJ 


2 
3 
15 
0 
1 


18th entry !2EI=- =~ 


Note that now the display 
position 
and register 
address do 


not correspond. 
Consequently, 
entering 
a character 
to ah 


arbitrary 
position 
in the Auto 
Increment 
mode 
may have 


unexpected 
results. Entry starting 
at Display 
RAM address 


o with 
sequential 
entry 
is recommended. 


Auto Increment 


In the 
left 
Entry 
mode, 
Auto 
Incrementing 
causes 
the 


address 
where 
the CPU will next write to be incremented 


by one 
and the 
character 
appears 
in the next 
location. 
With non-Auto 
Incrementing 
the entry is both to the same 


RAM address 
and display 
position. 
Entry to an arbitrary 


address 
in the Auto 
Increment 
mode has no undesirable 


side effects 
and the result 
is predictable: 


o 
1 
234 
567 


2nd entry 
~ 


o 
1 
234 
5 
6 
7 
QEIll]JJJ 


o 
1 
234 
5 
6 
7 


3rdentry 
~ 


o 
1 
234 
5 
6 
7 


4thentry 
~ 


LEFT 
ENTRY 
MODE 


(AUTO 
INCREMENT) 


In the 
Right 
Entry 
mode, 
Auto 
Incrementing 
and 
non 


Incrementing 
have the same 
effect 
as in the left 
Entry 


except 
if the address 
sequence 
is interrupted: 


1 
2 
3 
4 
5 
6 
7 
O..-Displav 


~RAM 
~Address 


23456701 
CIIIIIIiJ3.J 


23456701 


~ 
, 


Enter 
next 
at 
Location 
5 Auto 
Increment 


34567012 


~ 


45670123 
c:TIEIEEDJ 


RIGHT 
ENTRY 
MODE 


(AUTO 
INCREMENT) 


Starting 
at an arbitrary 
location 
operates 
as shown 
below: 


o 
1 
2 
3 
4 
5 
6 
7..- 
Display 


~RAM 
~Address 


Enter 
next 
at 
Location 
5 Auto 
Increment 


12345670 
[J I I HIIJ 


23456701 
[[]=:EEIIIJ 


~ 


~ 


RIGHT 
ENTRY 
MODE 
(AUTO 
INCREMENT) 


inter 


8/16 Character Display Formats 


If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3ms 
for 16 characters with 100 kHz internal frequency). 


G. FIFO Status 


FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types 
of errors 
possible: overrun 
and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 


The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear 
All 
command 
had not 
completed 
its clearing 
operation. 


INT 
SHIFT 
CNTl 
A 
O 


_7 
INT 
voo 
8-BIT 
DATA 
BUS 
Vss 


MICRO· 
DATA 
PROCESSOR 
BUS 
°0_1 


SYSTEM 


CONTROLS 
{ 


AD 
'OR 
50_3 
WR 
lOW 
8279 


RESET 
RESET 
cs 
ADDRESS 
{ 
cs 
BUS 
AO 
AO 


CLOCK 
eLK 
eLK 
Bo 
80_3 
AO_J 


In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indica· 
tion is contained in the Sensor RAM. 


In Special Error Mode the S/E bit is showing the error 
flag and serves as an indication to whether a simultane· 
ous multiple closure error has occurred. 


DISPLAY 
CHARACTERS 
DATA 


inter 


"NOTICE: Stresses above those listed under "Ab~,,,(,.c 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 
Exposure to absolute maximum 


rating conditions for extended periods may affect device 
reliability. 


Ambient 
Temperature 
O°C to 70 


0e 


Storage Temperature 
-65°C 
to 125°e 


Voltage 
on any Pin with 


Respect to Ground 
-0.5V 
to +7V 


Power Dissipation 
1 Watt 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VILl 
Input 
Low Voltage 
for 
-0.5 
1.4 
V 


Return 
Lines 


V1L2 
Input 
Low Voltage 
for All Others 
-0.5 
0.8 
V 


V1Hl 
Input 
High Voltage 
for 
2.2 
V 


Return 
Lines 


VIH2 
Input 
High Voltage 
for All Others 
2.0 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
Note 
1 


VOH1 
Output 
High Voltage 
on Interrupt 
3.5 
V 
Note 
2 


Line 


VOH2 
Other 
Outputs 
2.4 


IILl 
Input 
Current 
on Shift, 
Control 
and 
+10 
IlA 
VIN ; 
Vee 


Return 
Lines 
-100 
IlA 
V1N ; OV 


IIL2 
Input 
Leakage Current 
on All Others 
±10 
IlA 
VIN ; 
Vee to OV 


IOFL 
Output 
Float 
Leakage 
±10 
IlA 
VOUT ; 
Vee to OV 


Ice 
Power Supply 
Current 
120 
mA 


Symbol 
Parameter 
Typ. 
Max. 
Unit 
Test Conditions 


elN 
Input 
Capacitance 
5 
10 
pF 
VIN = VCC 


eOUT 
Output 
Capacitance 
10 
20 
pF 
VOUT - 
VCC 


A.C. CHARACTERISTICS 
[TA = O"C to 70"C. Vss = OV. (Note 
3)) 


Bus Parameters 


READ CYCLE 


8279 
8279-5 
Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAR 
Address 
Stable Before 
READ 
50 
0 
ns 


tRA 
Address 
Hold Time for READ 
5 
0 
ns 


tRR 
READ 
Pulse Width 
420 
250 
ns 


tRD (4J 
Data Delay from 
READ 
300 
150 
ns 


tAD [4] 
Address to Data Valid 
450 
250 
ns 


tDF 
READ 
to Data Floating 
10 
100 
10 
100 
ns 


tRey 
Read Cycle Ti me 
1 
1 
IlS 


8279 
8279-5 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


tAW 
Address 
Stable 
Before 
WR ITE 
50 
0 
ns 


tWA 
Address 
Hold 
Time 
for WRITE 
20 
0 
ns 


tww 
WR ITE 
Pulse Width 
400 
250 
ns 


tow 
Data Set Up Time 
for WR ITE 
- 
300 
150 
ns 


two 
Data 
Hold Time 
for WR ITE 
40 
0 
ns 


tWCY 
Write 
Cycle 
Time 
1 
1 
/J.s 


8279 
8279-5 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Unit 


t<t>W 
Clock 
Pulse Width 
- - 
230 
120 
nsec 


tCY 
Clock 
Period 
500 
320 
nsec 


Keyboard 
Scan 
Time 
5.1 msec 


Keyboard 
Debounce 
Time 
10.3 msec 


Key Scan 
Time 
80 !-'sec 


Display 
Scan 
Time 
10.3 
msec 


Digit-on 
Time 
480 !-'sec 


Blanking 
Time 
160 !-'sec 


Internal 
Clock 
Cycle[S] 
....•..........•....... 
10 !-'sec 


NOTES: 
1. 8279, IOL = 1.6mA; 8279-5, IOL = 2.2mA. 
2. 8279, IOH = -l00!-'A; 
8279-5, IOH = -400!-,A. 


3. 8279, Vcc = +5V z5%; 8279-5, Vcc = +5V z10%. 
4. 8279, CL = 100pF; 8279-5, CL = 150pF. 
5. The Prescaler 
should 
be programmed 
to provide 
a 10 IJ.S internal 
clock 
cycle. 


2.,=x 
x= 


2.0 
2.0 


0.8> TEST 
POINTS < 0 .• 


0.45 
_ 
ICL~ 
120pF 


A.C 
TESTING: 
INPUTS 
ARE DRIVEN 
AT 2.4V FOR A LOGIC 
"1" AND O.45V 
FOR 


A lOGIC·O. 
,. TIMING 
MEASUREMENTS 
ARE 
MADE 
AT 2.QV FDA 
A LOGIC' 
1" 


AND 
0 BV FOR A lOGIC 
"0 . 


inter 


AO, CS ===>t= 


-WR 
- 
L-tA-W-_-~-'-'----'w-W-------_- 
_ 


(WRITE 
CONTROL) 
----------- 


inter 


L 
L 
L 
u 
u 
u 


s,l-j 
u 
u 
u 
u 
u 
u 
u 
u 
u 
LJ 


PRESCALER 
PROGRAMMED 
FOR 
iN- 


TERNAL 
FREQUENCY 
:= 
100 
kHz 
SO 


tCY = 10p.s 


AiO) 
BLANK 


A(l) 
CODE· 


·BlANK 
CODE IS EITHER ALL 


D's OR ALL 
1'$ OR 20 HEX 


B(O) 
BLANK 
B(l) 
BLANK 
COOP 
CODE" 


490",s 
490",s 
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Introduction 


Since the introduction 
in 1974 of the second genera- 


tion of microprocessors, 
such as the 8080, a wide 


range of peripheral 
interface devices have appeared. 
At first, these devices solved application 
prpblems of 


a general nature; Le., parallel interface (8255), serial 
interface 
(8251), timing 
(8253), interrupt 
control 


(8259). However, as the speed and density 
of LSI 


technology 
increased, 
more and more intelligence 


was incorporated 
into the peripheral 
devices. This 


allowed more specific appilcation 
problems 
to be 


solved, such as floppy disk control (8271), CRT con- 
trol (8275), and data link control (8273). The advan- 
tage 
to the 
system 
designer 
of this 
increased 
peripheral 
device intelligence is that many of the pe- 
ripheral control tasks are now handled externally to 
the 
main 
processor 
in the 
peripheral 
hardware 


rather 
than 
internally 
in the main processor 
soft- 
ware. This reduced main processor overhead results 
in increased 
system throughput 
and reduced 
soft- 


ware complexity. 


In spite of the number 
of peripheral 
devices avail- 
able, the pervasiveness 
of the microprocessor 
has 


been such that there is still a large number of peri ph- 
eral control applications 
not yet satisfied 
by dedi- 


cated LSI. Complicating this problem is the fact that 
new applications 
are emerging faster than the manu- 


facturers can react in developing new, dedicated 
pe- 


ripheral controllers. 
To address this problem, a new 


microcomputer-based 
Universal 
Peripheral 
Inter- 


face (UPI-41A) device was developed. 


In essence, the UPI-41A acts as a slave processor to 
the main system CPU. The UPI contains 
its own 


processor, memory, and I/b, and is completely user 
programmable; 
that is, the entire. peripheral 
control 


algorith~ 
can be programmed 
locally in the UPI, in- 


stead of taxing the master processor's main memory. 
This distributed 
processing concept allows the UPI 


to handle the real-time tasks sucp as encodi~g key- 
boards, 
controlling 
printers, 
or multiplexing 
dis- 


plays, while the main processor is handling non-real- 
time dependent 
tasks such as buffer management 
or 


arithmetic. 
The UPI relies on the master 
only for 


initialization, 
elementary 
commands, 
and 
data 


transfers. 
This technique 
results 
in an overall in- 


crease in system efficiency since both processors- 
the master CPU and the slave Upi-are 
working in 


parallel. 


This application 
note presents three UPI-41A appli- 


cations which are roughly divided into two groups: 
applications 
whose complexity and UPI code space 


requirements 
allow them to either stand alone or be 


incorporated 
as just one task in a "multi-tasking" 


UPI, and applications 
which are complete UPI ap- 


plications 
in themselves. 
Applications 
in the first 


group are a simple LED display and sensor matrix 
controllers. 
A combination 
serial/parallel! 
I/O de- 


vice is an application 
in the second group. Each ap- 


plication 
illustrates 
different 
UPI ~onfigurations 


and features. 
However, before the application 
de- 


tails are presented, 
a section on the UPI/master 
pro- 


tocol 
requirements 
is included. 
These 
protocol 


requirements 
are key to UPI software development. 


For convenience, 
the UPI block diagram 
is repro- 


duced in Figure 1 and the instruction 
set summary 


in Table 1. 


UPI-41 
VS. UPI-41 A 


The UPI-41A is an enhanced version of the UPI-41. 
It incorporates 
several 
architectural 
features 
not 


found on the "non-A" device: 


• 
Separate Data In and Data Out data bus buf- 
fer registers 


• 
User-definable 
STATUS register bits 


• 
Programmable 
master interrupts 
for the OBF 


and IBF flags 
• 
Programmable 
DMA interface 
to external 


DMA controller. 


The 
separate 
Data 
In (DBBIN) 
and 
Data 
Out 


(DBBOUT) 
registers 
greatly 
simplify 
the master/ 


UPI protocol compated 
to the UPI-41. The master 


need only check IBF before writing to DBBIN and 
OBF before reading DBBOUT. 
No data ·bus buffer 


lock-out is required. 
' 


The most significant nibble of the STATUS register, 
un<lefined in the UPI-41, is user-definable 
in UPI- 


41A. It may be loaded directly from the most signifi- 
cant 
nibble 
of the Accumulator 
(MOV STS,A). 


These extra four STATUS bits are useful for trans- 
ferring additional 
status information 
to the master. 


This application 
note uses this feature extensively. 


A new instruction, 
EN FLAGS, allo.wsOBF and IBF 


to be reflected on PORT 2 BIT 4 and PORT 2 BIT 5 
respectively. 
This feature 
enables interrupt-driven 


data tra~sfers when these pins are interrupt 
sources 


to the master. 
. 


By executing an EN DMA instruction 
PORT 2 BIT 


6 becomes 
a DRQ (DMA Request) 
output 
and 


PORT 
2 BIT 7 becomes DACK.(DMA 
Acknowl- 


edge). Setting DRQ requests a DMA cycle to an ex- 
ternal 
DMA controller. 
When the cycle is granted, 


the DMA controller 
returns 
DACK plus either RD 
(Read) or WR (Write). DACK automatically 
forces 


PAGE3{'023 


768 


{ 


767 


PAGE 2 


512 


{ 


511 


PAGE 
1 


256 
255 


LOCATION 
7 - 
TIMER 
INTERRUPT 
VECTORS 
PROGRAM 
HERE 


LOCATION 
3 - 
IOF 
INERRUPT 
VECHTORS 
PROGRAM 
HERE 


CS and AO low internally 
and clears DRQ. This se- 
lects the appropriate 
data buffer register (DBBOUT 


for DACK and RD, DBBIN for DACK and WR) for 
the DMA transfer. 


Like the "non-A", the UPI-41A is available in both 
ROM (8041A) and EPROM (8741A) Program Mem- 
ory versions. This application 
note deals exclusively 
with the UPI-41A since the applications 
use the "A"s 


enhanced 
features. 


As in most closely coupled multiprocessor 
systems, 
the various processors communicate 
via a shared re- 


source. This shared resource is typically specific lo- 
cations in RAM or in registers through which status 
and data are passed. In the case of a master proces- 
sor and a UPI-41A, the shared resource is 3 separate, 
master-addressable, 
registers 
internal 
to the UPI. 


These 
registers 
are the status 
register 
(STATUS), 
the Data Bus Buffer Input 
register 
(DBBIN), 
and 


the Data 
Bus Output 
register 
(DBBOUT). 
[Data 


Bus Buffer direction is relative to the UPI). To illus- 
trate this register interface, consider the 8085A!UPI 
system in Figure 2. 


USER RAM 


32 X 8 


BANK 
1 
WORKING 
REGISTERS 
8X8 
----------- 
R1 
.----"'ReY"'----- 


8 lEVEL 
STACK 


OR 
USER RAM 
16 X 8 


BANK 0 
WORKING 


REGISTERS 
8X8 
----------- 
-----!!,------ 
RO 


I 


DIRECTlY 
ADDRESSABLE 
WHEN 
BANK 
1 
IS SELECTED 


~ 


ADDRESSED 
INDIRECTLY 


THROUGH 
Rl 
OR RO 
(RO' OR Rl) 


DIRECTLY 
ADDRESSABLE 
WHEN BANK 0 
IS SelECTED 


Looking into the UPI from the 8085A, the 8085A 
sees only the three registers mentioned 
above. If the 


8085A wishes to issue a command to the UPI, it does 
so by writing the command 
to the DBBIN register 


according to the decoding of Table 2. Data for the 
UPI is also passed via the DBBIN register. (The UPI 
differentiates 
commands and data by examining the 


AO pin. Just 
how this is done is covered shortly.) 


Data from the U:PI for the 8085A is passed in the 
DBBOUT 
register. The 8085A may interrogate 
the 


UPI's status by reading the UPI's STATUS register. 
Four bits of the STATUS 
register act as flags and 


are used to handshake 
data and commands into and 


out of the UPI. The STATUS 
register 
format 
is 


shown in Figure 3. 


BIT 0 is OBF (Output 
Buffer Full). This flag indi- 


cates to the master when the UPI has placed data in 
the DBBOUT 
register. 
OBF is set when the UPI 


writes to DBBOUT 
and is reset when the master 


reads DBBOUT. The master finds meaningful 
data 


in the DBBOUT register only when OBF is set. 


The Input Buffer Full (lBF) flag is BIT 1. The UPI 
uses this flag as an indicator 
that 
the master 
has 


written to the DBBIN register. The master uses IBF 
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to indicate when the UPI has accepted a particular 
command or data byte. The master should examine 
IBF before outputting 
anything to the UPI. IBF is 


set when the master writes to DBBIN and is reset 
when the UPI reads DBBIN. The master must wait 
until IBF=O before writing new data or commands 
to DBBIN. Conversely, the UPI must ensure IBF=1 
before reading DBBIN. 


The third STATUS register bit is FO (FLAG 0). This 
is a general purpose flag that the UPIcan 
set, reset, 
and test. It is typically used to indicate a UPI error 
or busy condition to the master. 


FLAG I (FI) is the final dedicated 
STATUS 
bit. 
Like FO the UPI can set, reset, and test this flag. 
However, in addition, FI reflects the state of the AO 
pin whenever the master writes to the DBBIN regis- 
ter. The UPI uses this flag to delineate between mas- 
ter command and data writes to DBBIN. 


The remaining four STATUS register bits are user 
definable. Typical uses of these bits are as status in- 


RESIOENT 
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STATUS 


AO 
DBBIN 
Cs 
AD 


WR 
OBBOUT 


dicators for individual 
tasks in a multitasking 
UPI 


or as UPI generated interrupt 
status. These bits find 
a wide variety of uses in the upcoming applications. 


Looking into the 8085A from the UPI, the UPI sees 
the two DBB registers plus the IBF, OBF, and FI 
flags. The UPI can write from its accumulator 
to 


DBBOUT 
or read DBBIN 
into the accumulator. 


The UPI cannot read OBF, IBF, or Fl directly, but 
these flags may be tested 
using conditional 
jump 


Mnemonic 
Description 
Bytes 
Cycles 


Accumulator 


ADDA,Rr 
Add register to A 
1 
1 


ADDA,@Rr 
Add dats memory to A 
1 
1 
ADD A,#dats 
Add immediate 
to A 
2 
2 
ADDC A,Rr 
Add register to A with carry 
1 
1 


ADDCA@Rr 
Add dats memory to A with carry 
1 
1 


ADDC A,#dats 
Add immed. to A with carry 
2 
2 
ANLa,Rr 
AND register to A 
1 
1 


ANLA,@Rr 
AND dats memory to A 
1 
1 


ANL A,#dats 
AND immediate 
to A 
2 
2 
ORLA,Rr 
OR register to A 
1 
1 
ORLA@Rr 
OR dats memory to A 
1 
1 


ORL A,#dats 
OR immediate 
to A 
2 
2 


XRLA,Rr 
Exclusive OR register to A 
1 
1 


XRLA,@Rr 
Exclusive OR data memory to A 
1 
1 


XRL A,#dats 
Exclusive OR immediate to A 
2 
2 


INCA 
Increment A 
1 
1 
DECA 
Decrement A 
1 
1 


CLRA 
Clear A 
1 
1 


CPLA 
Complement 
A 
1 
1 
DAA 
Decimal Adjust A 
1 
1 


SWAP A 
Swap digits of A 
1 
1 
RLA 
Rotste 
A left 
1 
1 
RLCA 
Rotste A left through 
carry 
1 
1 
RRA 
Rotste 
A right 
1 
1 
RRCA 
Rotste 
A right through 
carry 
1 
1 


Input/Output 


INA,P 
Input port to A 
, 


1 
2 
OUTL ~p,A 
Output 
A to port 
1 
2 
ANL Pp,#dats 
AND immediate 
to port 
2 
2 
ORL P~#dats 
OR immediate 
to port 
2 
2 


INA,D 
B 
Input DBB to A, clear IBF 
1 
1 
OUTDBB,A 
Output 
A to DBB, set OBF 
1 
1 
MOVSTS,A 
A4-A7 to Bits 4-7 of Ststus 
1 
1 
MOVDA,P 
X 
Input Expander 
port to A 
1 
2 
MOVDPp, 
Output 
A to Expander 
port 
1 
2 
ANLD Pp,A 
AND A to Expander 
port 
1 
2 
ORLD Pp,A 
OR A to Expander 
port 
1 
2 


Data Moves 


MOV A,Rr 
Move register to A 
1 
1 
MOV A,@Rr 
Move dats memory to A 
1 
1 
MOV A,#dats 
Move immediate to A 
2 
2 


MOVRr,A 
Move A to register 
1 
1 
MOV@Rr,A 
Move A to dats memory 
1 
1 
MOV Rr,#dats 
Move immediate to register 
2 
2 
MOV @Rr,#dats 
Move immediate to data memory 
2 
2 
MOV A,PSW 
Move PSW toA 
1 
1 
MOVPSW,A 
Move A toPSW 
1 
1 


XCH A,Rr 
Exchange A and register 
1 
1 


XCHA,@Rr 
Exchange A and data memory 
1 
1 


XCHDA@Rr 
Exchange digit of A and register 
1 
1 
MOVPA,@A 
Move to A from current page 
1 
2 
MOVP3,A,@A 
Move to A from page 3 
1 
2 


cs 
AO 
AD 
\VA 
REGISTER 


0 
0 
0 
1 
READDBBOUT 


0 
1 
0 
1 
READ STATUS 


0 
0 
1 
0 
WRITE DBBIN (DATA) 


0 
1 
1 
0 
WRITE 
DB BIN 
(COM- 
MAND) 
1 
X 
X 
X 
NO ACTION 


Mnemonic 
Description 
Bytes 
Cycles 


Timer/Counter 


MOVA,T 
Read Timer/Counter 
1 
1 
MOVT,A 
Load Timer/Counter 
1 
1 


STRTT 
Stsrt 
Timer 
1 
1 


STRTCNT 
Start Counter 
1 
1 
STOP TCNT 
Stop Timer/Counter 
1 
1 


EN TCNTI 
Enable Timer/Counter 
Interrupt 
1 
1 


DISTCNTI 
Disable Timer/Counter 
Interrupt 
1 
1 


Control 


ENDMA 
Enable DMA Handshake 
Lines 
1 
1 


ENI 
Enable IBF Interrupt 
1 
1 


DIS I 
Disable IBF Interrupt 
1 
1 
EN FLAGS 
Enable Master Interrupts 
1 
1 


SELRBO 
Select register bank 0 
1 
1 


SELRBI 
Select register bank 1 
1 
1 


NOP 
No Operation 
1 
1 


Registers 


INCRr 
Increment register 
1 
1 


INC@Rr 
Increment data memory 
1 
1 


DECRr 
Decrement register 
1 
1 


Subroutine 


CALL addr 
Jump to subroutine 
2 
2 


RET 
Return 
1 
2 


RETR 
Return and restore status 
1 
2 


Flags 


CLRC 
Clear Carry 
1 
1 


CPLC 
Complement Carry 
1 
1 
CLRFO 
Clear Flag 0 
1 
1 


CPLFO 
Complement 
Flag 0 
1 
1 
CLR Fl 
Clear Fl Flag 
1 
1 


CPLFI 
Complement 
Fl Flag 
1 
1 


Branch 


JMPADDR 
Jump unconditional 
2 
2 


JMPP@A 
Jump indirect 
1 
2 


DJNZ R,addr 
Decrement register and skip 
2 
2 


JC addr 
Jump on Carry = 1 
2 
2 


JNC addr 
Jump on Carry=O 
2 
2 


JZ addr 
Jump on A Zero 
2 
2 


JNZ addr 
Jump on A not Zero 
2 
2 


JTO addr 
Jump on TO=l 
2 
2 


JNTO addr 
Jump on TO=O 
2 
2 


JTladdr 
Jump on Tl=l 
2 
2 


JNTladdr 
Jump on Tl=O 
2 
2 


JFO addr 
Jump on FO Flag=l 
2 
2 


JFl 
addr 
Jump on Fl Flag= 1 
2 
2 


JTF addr 
Jump on Timer Flag=l,Clear 
Flag 
2 
2 


JNIBF 
addr 
Jump on IBF Flag=O 
2 
2 


JOBF addr 
Jump on OBF Flag=l 
2 
2 


JBb addr 
Jump on Accumulator Bit 
2 
2 


'OC 
765 


4 
3~' 
0 
~~F_- D~:~NO~:~Ull 


-FO-FlAGO 


Fl - 
FLAG 
1 


-------- 
USER DEFINED 


instructions. 
The UPI should make sure that OBF is 


reset before writing new data into DBBOUT to en- 
sure that 
the master 
has read previous 
DBBOUT 


data. 
IBF 
should 
also be tested 
before 
reading 


DBBIN since DBBIN data is valid only when IBF is 
set. As was mentioned earlier, the UPI uses Fl to dif- 
ferentiate 
between 
command 
and data contents 
in 


DBBIN when IBF is set. The UPI may also write the 
upper 4-bits of its accumulator 
to the upper 4-bits of 


the 
STATUS 
register. 
These 
bits 
are thus 
user 


definable. 


The UPI can test the flags at any time during its in- 
ternal program 
execution. 
It essentially 
"polls" the 


STATUS 
register for changes. If faster response 
is 


needed to master commands and data, the UPI's in- 
ternal interrupt 
structure 
can be used. If IBF inter- 
rupts are enabled, a master write to DBBIN (either 
command 
or data) sets IBF which generates 
an in- 


ternal CALL to location 03H in program memory. At 
this point, working register 
contents 
can be saved 


using bank switching, 
the accumulator 
saved in a 


spare working register, and the DBBIN register read 
and serviced. The interrupt 
logic for the IBF inter- 


rupt is shown in Figure 4. A few observations 
con- 
cerning this logic are appropriate. 
Note that 
if the 


master writes to DBBIN while the UPI is still servic- 
ing the last IBF interrupt 
(a RETR instruction 
has 
not been executed), the IBF Interrupt 
Pending line 


WR 
cs 


RESET 


IBF INTERRUPT 
CAll 
EXECUTED 


is made high which causes a new CALL to 03H as 
soon as the first RETR is executed. No EN l (Enable 
Interrupt) 
instruction 
is needed to rearm the inter- 


rupt logic as is needed in an 8080 or 8085A system; 
the RETR performs this function. Also note that ex- 
ecuting 
a DIS I to disable 
further 
IBF interrupts 


does not clear a pending interrupt. 
Only a CALL to 


location 03H or RESET clears a pending IBF inter- 
rupt. 


Keeping in mind that the actual master/UPI 
proto- 


col is dependent 
on the application, 
probably 
the 


best way to illustrate 
correct protocol is by example. 


Let's consider using the UPI as a simple parallel I/O 
device. (This is a trivial application 
but it embodies 


all of the important 
protocol considerations.) 
Since 
the UPI may be either 
interrupt 
or non-interrupt 


driven internally, 
both cases are considered. 


Let's take the easiest configuration 
first; using the 
UPI PORT 1 as an 8-bit output port. From the UPI's 
point-of-view, this is an input-only 
application 
since 


all that is required 
is that the UPI input data from 


the master. Once the master writes data to the UPI, 
the UPI reads the DBBIN register and transfers 
the 


data to PORT 
1. No testing 
for commands 
versus 


data is needed since the UPI "knows" it only per- 
forms one task-no 
commands 
are needed. 


Non-interrupt 
driven UPI software is shown in Fig- 
ure 5A while Figure 5B shows interrupt 
based soft- 


ware. For Figure 5A, the UPI simply waits until it 
sees IBF go high indicating the master has written a 
data byte to DBBIN. The UPI then reads DBBIN, 
transfers it to PORT 1, and returns to waiting for the 
next data. For the interrupt-driven 
UPI, Figure 5B, 
once the EN I instruction 
is executed, the UPI sim- 


ply waits for the IBF interrupt 
before handling the 


data. The UPI could handle other tasks during this 
waiting time. When the master writes the data to 
DBBIN, 
an IBF interrupt 
is generated 
which per- 


forms a CALL to location 03H. At this point the UPI 
reads DBBIN (no testing of IBF is needed since an 
IBF interrupt 
implies that IBF is set), transfers 
the 
data to PORT 
1, and executes an RETR which re- 


turns program flow to the main program. 


Software for the master 8085A is included in Figure 
5C. The only requirement 
for the master to output 


data to the UPI is that it check the UPI to be sure 
the previous data had been taken before writing new 
data. To accomplish this the master simply reads the 
STATUS 
register looking for IBF=O before writing 


the next data. 


RESET: 
JNIBF 
RESET 


IN 
A,DBB 


OUTL 
P1,A 
JMP 
RESET 


; WAIT ON IBF FOR INPUT 
; INPUT THERE, SO READ IT 
; TRANSFER DATA TO PORT 1 
; GO WAIT FOR NEXT DATA 


RESET: 
EN 
I 


JMP 
RESET+1 


IBFINT: 
IN 
A,DBB 


OUTL 
P1,A 
RETR 


; ENABLE IBF INTERRUPTS 
; LOOP WAITING FOR INPUT 
; READ DATA FROM DBBIN 
; TRANSFER DATA TO PORT 1 
; RETURN WITH RESTORE 


UPIOUT: 
IN 
STATUS 
ANI 
IBF 


JNZ 
• UPIOUT 


MOV 
A,C 
OUT 
DBBIN 


RET 


; READ UPI STATUS 
; LOOK AT IBF 
; WAIT FOR IBF=O 
; GET DATA FROM C 
; OUTPUT DATA TO DBBIN 
; DONE, RETURN 


Figure SC. 
808SA 
Code for Single Output Port Ex- 
ample 


Figure 6A illustrates 
the case where UPI PORT 2 is 


used as an 8-bit input 
port. This configuration 
is 


termed 
UPI 
output-only 
as the master 
does not 


write (input) to the UPI but simply reads either the 
STATUS or the DBBOUT registers. In this example 
only the OBF flag is used. OBF signals the master 
that the UPI has placed new port data in DBBOUT. 
The UPI loops testing OBF. When OBF is clear, the 
master 
has read the previous 
data 
and UPI then 


reads its input port (PORT 2) and places this data in 
DBBOUT. 
It then waits on OBF until the master 


reads DBBOUT before reading the input port again. 
When the master wishes to read the input port data, 
Figure 6B, it simply checks for OBF being set in the 
STATUS 
register before reading DBBOUT. 
While 
this technique 
illustrates 
proper protocol, it should 


be noted that it is not meant to be a good method of 
using the UPI as an input 
port since the master 


would never get the newest status of the port. 


RESET: 
JOBF 
RESET 


IN 
A P2 
OUT 
DBB,A 


JMP 
RESET 


; LOOP IF OBF= 1 (DATA NOT READ) 
; DBBOUT CLEAR, READ PORT 
; TRANSFER PORT DATA TO DBBOUT 
; WAIT FOR MASTER TO READ DATA 


UPIIN: 
IN 
STATUS 
ANI 
OBF 
JZ 
UPIIN 
IN 
DBBOUT 
RET 


; READ UPI STATUS 
; LOOK AT OBF 
; WAIT UNTIL OBF= 1 
; READ DBBOUT 
; RETURN WITH DATA IN A 


The above examples can easily be combined. Figure 
7 shows UPI software to use PORT 1 as an output 
port simultaneously 
with PORT 2 as an input port. 


The program starts with the UPI checking IBF to 
see if the master has written 
data destined 
for the 


output port into DBBIN. If IBF is set, the UPI reads 
DBBIN and transfers 
the data to the output 
port 


(PORT 1). If IBF is not set or once the data is trans- 
ferred to the output port if it was, OBF is tested. If 
OBF 
is reset 
(indicating 
the 
master 
has 
read 


DBBOUT), 
the input 
port (PORT 
2) is read and 


transferred 
to DBBOUT. If OBF is set, the master 


has yet to read DBBOUT so the program just loops 
back to test IBF. 


The master 
software 
is identical 
to the separate 


input/output 
examples; 
the master 
must test IBF 


JNIBF 
IN 
OUTL 
JOBF 
IN 
OUT 
JMP 


OUT1 
A,DBB 
PI, 
A 
RESET 
A, P2 
DBB, A 
RESET 


; IF IBF=O, DO OUTPUT 
; IF IBF= 1, READ DBBIN 
; TRANSFER DATA TO PORT I 
; IF OBF= " GO TEST IBF 
; IF OBF~O, READ PORT 2 
; TRANSFER PORT DATA TO DBBOUT 
; GO CHECK FOR INPUT 


and 
OBF 
before 
writing 
output 
port 
data 
into 
DBBIN or before reading'input 
port from DBBOUT 
respectively. 


In all of the three examples 
above, the UPI treats 
information 
from the master 
solely as data. There 
has been no need to check if DBBIN information 
is a 


command rather than data since the applications 
do 
not require commands. 
But what if both PORTs 
1 
and 2 were used as output 
ports? The UPI needs to 
know into which port to put the data. Let's use a 
command to select which port. 


Recall that 
both commands 
and data pass through 
DBBIN. 
The state of the AO pin at the time of the 
write to DBBIN 
is used to distinguish 
commands 
from data. By convention, DBBIN writes with AO=O 
are for data, and those with AO=l are commands. 
When DBBIN is written into, F1 (FLAG 1) is set to 
the state of AO.The UPI tests F1 to determine 
if the 
information 
in the 
DBBIN 
register 
is data 
or 
command. 


For the case of two output 
ports, let's assume that 
the master selects the desired port with a command 
prior to writing the data. (We could just use F1 as a 
port select but that would not illustrate 
the subtle 
differences 
between commands 
and data). Let's de- 


fine the port select commands 
such that BIT 1=1 if 


the next data is for PORT 
1 (Write PORT 
1=0000 


0010) and BIT 2=1 if the next data is for PORT 
2 
(Write PORT 2=0000 0100). (The number of the set 
bit selects the port.) Any other bits are ignored. rhis 
assignment 
is completely arbitrary; 
we could use any, 


command structure, 
but this one has the advantage 


of being simple. 


Note that the UPI must "remember" 
from DBBIN 


write to write which port has been selected. Let's use 
FO (FLAG 0) for this purpose. If a Write PORT 
1 


command is received, FO is reset. If the command is 
Write PORT 2, FOis set. When the UPI finds data in 
DBBIN, 
FO is intetrogated 
and the data is loaded' 


into the previously selected port. The UPI software 
is shown in Figure BA. 


: UPI DUAL OUTPUT PORT EXAMPLE-BOTH 
PORT I AND 2 OUTPUTS 
, 
COMMAND SELECTS DESIRED PORT 
WRITE PORT 1-00000010 
(02H) 
WRITE PORT 2-0000 
0100 (04H) 


RESET: 
JNIBF 
RESET 
; WAIT FOR MASTER INPUT 
IN 
A,DBB 
; READ INPUT 
JFI 
CMD 
; IF F 1~ 1, COMMAND INPUT 
JFO 
PORT2 
; INPUT IS DAT A, TEST FO 


OUTL 
PI,A 
; FO~O, so OUTPUT TO PORT I 


JMP 
RESET 
; WAIT FOR NEXT INPUT 
PORT2: 
OUTL 
P2,A 
; FO= I, so OUTPUT TO PORT 2 


JMP 
RESET 
; WAIT FOR NEXT INPUT 
CMD: 
JBI 
PTI 
; TEST COMMAND BITS (BIT 1) 


JB2 
PT2 
; TEST BIT 2 
JMP 
RESET 
; NEITHER BIT SET, WAIT FOR INPUT 
PTI: 
CLR 
FO 
; PORT 1 SELECTED, CLEAR FO 


JMP 
RESET 
; WAIT FOR INPUT 
PT2: 
CLR 
FO 
; PORT 2 SELECTED, SET FO 


CPL 
FO 
JMP 
RESET 
; WAIT FOR INPUT 


Figure 8A. 
Dual Output Port Example 


Initially, the UPI simply waits until IBF is set indi- 
cating 
the master 
has written 
into DBBIN. 
Once 


IBF is set, DBBIN is read and F1 is tested for a com- 
mand. If F1 =1, the DBBIN byte is a command. 
As- 


suming 
a command, 
BIT 1 is tested 
to see if the 


command selected PORT 1. If so, FO is cleared and 
the program returns to wait for the data. If BIT 1=0, 
BIT 2 is tested. If BIT 2 is set, PORT 2 is selected so 
FO is set. The program then loops back waiting for 
the next master input. This input is the desired port 
data. 1£ BIT 2 was not set, FO is not changed and no 
action is taken. 


When IBF=l 
is again detected, 
the input 
is again 


tested 
for command 
or data. Since it is necessarily 


data, DBBIN is read and FO is tested to determine 
which port was previously selected. The data is then 
output 
to that 
port, following which the program 


waits for the next input. Note that since FO still se- 
lects the previous port, the next input could be more 
data 
for that 
port. 
The 
port 
selection 
command 


could be thought of as a port select flip-flop control; 
once a selection 
is made, data 
may be repeatedly 


written to that port until the other port is selected. 
Master software, Figure BB, simply must check IBF 
before writing either a command or data to DBBIN. 
Otherwise, the master software is straightforward. 


For the sake of completeness, 
UPI software for im- 


plementing 
two input ports is given in Figure 9. This 


case is simpler than the dual output 
case since the 


UPI can assume that all writes to DBBIN are port 
selection commands 
so no command/data 
testing is 


required. Once the Port Read command is input, the 
selected port is read and the port -data is placed in 
DBBOUT. Note that in this case FOis used as a UPI 


AFN-QI536A 


error indicator. 
If the master happened 
to issue an 
invalid command 
(a command without either BIT 1 
or 2 set), FO is set to notify the master that the UPI 
did not know how to interpret 
the command. 
FO is 


also set if the master commanded 
a port read before 
it had read DBBOUT 
from the previous comm~nd. 
The UPI 
simply 
tests 
OBF just 
prior 
to loading 
DBBOUT 
and if OBF=l, 
FO is set to indicate 
the 


error. 


All of the above examples are, in themselves, 
rather 


trivial applications 
of the UPI although 
they could 
easily be incorporated 
as one of several tasks in a 


UPI handling multiple small tasks. We have covered 
them primarily to introduce 
the UPI concept and to 
illustrate 
some masterlUPI 
protocol. Before moving 


on to more realistic UPI applications, 
let's discuss 


two UPI features 
that do not directly relate to the 
masterlUPI 
protocol but greatly enhance the UPI's 


transfer 
capability. 


In addition to the OBF and IBF bits in the STATUS 
register, these flags can also be made available 
di- 
rectly on two port pins. These port pins can then be 
used as interrupt 
sources to the master. By execut- 


ing an EN FLAGS instruction, 
PORT 
2 pin 4 re- 


flects 
the condition 
of OBF and 
PORT 
2 pin 5 


reflects the inverted 
condition 
of IBF (IBF). These 


dedicated 
outputs 
can then be enabled or disabled 


via their respective 
port bit values; Le., P24 reflects 


OBF as long as an instruction 
is executed which sets 


P24 (i.e. ORL P2,#10H). 
The same action applies to 


the IBF output 
except P25 is used. Thus P24 may 


serve as a DATA AVAILABLE 
interrupt 
output. 


Likewise for P25 as a READY-TO-ACCEPT-DATA 
interrupt. 
This greatly 
simplifies 
interrupt-driven 


master-slave 
data transfers. 


; 8085 SOFTWARE FOR DUAL OUTPUT PORT EXAMPLE 


THIS ROUTINE WRITES DATA IN REG. C TO PORT' 
(SAME ROUTINE FOR PORT 2-JUST 
CHANGE COMMAND) 


PORT1: 
IN 
ANI 
JNZ 


MVI 
OUT 


P,: 
IN 
ANI 
JNZ 


MOV 
OUT 
RET 


STATUS 
; READ UPI STATUS 


IBF 
; LOOK AT IBF 
PORT' 
; WAIT UNTIL IBF=O 
A, 00000010B 
; LOAD WRITE PORT' 
CMD 
UPICMD 
; OUTPUT TO UPI COMMAND PORT 


STATUS 
; READ UPI STATUS AGAIN 
IBF 
; LOOK AT IBF 
P, 
; WAIT UNTIL COMMAND ACCEPTED 
A, C 
; GET DATA FROM C 


DBBIN 
; OUTPUT TO DBBIN 
; DONE, RETURN 


The UPI also supports 
a DMA transfer 
interface. 
If 


an EN DMA instruction 
is executed, PORT 2 pin 6 


becomes a DMA Request (DRQ) output and P27 be- 
comes 
a high 
impedance 
DMA 
Acknowledge 


; UPI DUAL INPUT PORT EXAMPLE-BOTH 
PORT' 
AND 2 INPUTS 


COMMAND SELECTS WHICH PORT IS TO BE READ 
FLAG 0 USED AS ERROR FLAG 


RESET: 
JNIBF 
CLR 
IN 
JB' 
JB2 


ERROR: 
CPL 
JMP 
PT,: 
IN 
JOBF 
OUT 
JMP 
PT2: 
IN 
JOBF 
OUT 
JMP 


RESET 
FO 
A,DBB 
PT, 
PT2 
FO, 
RESET 


A, Pt 
ERROR 
DBB, A 
RESET 
A, P2 
ERROR 
DBB, A 
RESET 


; WAIT FOR INPUT 
; CLEAR ERROR FLAG 
; READ INPUT (COMMAND) 
; TEST BIT , (PORT 1) 
; TEST BIT 2 (PORT 2) 
; ERROR-COMPLEMENT 
FO 
; WAIT FOR INPUT 
; READ PORT 1 
; TEST OBF BEFORE LOADING DBBOUT 
; LOAD PORT 1 DATA INTO DBBOUT 
; WAIT FOR INPUT 
; READ PORT 2 
; TEST OBF BEFORE LOADING DBBOUT 
; LOAD PORT 2 DATA INTO DBBOUT 
; WAIT FOR INPUT 


(DACK) input. 
Any instruction 
which would nor- 


mally set P26 now sets DRQ. DRQ is cleared when 
DACK is low and either 
RD or WR is low. When 


DACK is low, CS and AD are forced low internally 
which allows data bus transfers 
between DBBOUT 


or DBBIN to occur, depending upon whether WR or 
RD is true. Of course, the function 
requires the use 


of an external DMA controller. 


Now that we have discussed the aspects of the UPI 
protocol and data transfer 
interfaces, 
let's move on 


to the actual applications. 


EXAMPLE 
APPLICATIONS 


Each of the following three 
sections 
presents 
the 


hardware and software details of a UPI application. 
Each application 
utilizes one of the protocols men- 


tioned in the last section. The first example is a sim- 
ple 8-digit LED display controller. 
This application 


requires only that the UPI perform input operations 
from the DBBIN; DBBOUT is not used. The reverse 
is true for the second application: 
a sensor matrix 


controller. 
The 
final 
application 
involves 
both 


DBBOUT 
and DBBIN 
operations: 
a combination 


serial/parallel 
I/O device. 


The core master processor system with which these 
applications 
were developed is the iSBC 80/30 single 


board computer, 
This board provides an especially 


convenient 
UPI 
environment 
since it contains 
a 


dedicated 
socket specifically interfaced 
for the UPI- 


41A. The 80/30 uses the 8085A as the master proces- 
sor. The 
I/O and peripheral 
complement 
on the 


80/30 include 12 vectored 
priority 
interrupts 
(8 on 


an 8259 Programmable 
Interrupt 
Controller 
and 4 


on the 8085A itself), an 8253 Programmable 
Interval 


Timer supplying 
three 16-bit programmable 
timers 


(one is dedicated 
as a programmable 
baud rate gen- 


erator), 
a high speed serial channel 
provided 
by a 


8251 Programmable 
USART, 
and 24 parallel 
I/O 


AFN.{)1536A 


lines implemented 
with an 8255A Programmable 


Parallel 
Interface. 
The memory 
complement 
con- 


tains 16K bytes of RAM using 2117 16K bit Dynamic 
RAMs and the 8202 Dynamic RAM Controller, 
and 


up to 8K bytes of ROM/EPROM 
with sockets com- 


patible with 2716, 2758, or 2332 devices. The 80/30's 
RAM uses a dual port 
architecture. 
That 
is, the 


memory can be considered a global system resource, 
accessible from the on-board 
8085A as well as from 


remote 
CPUs 
and 
other 
devices 
via 
the 


MUL TIBUS. The 80/30 contains MUL TIBUS con- 
trollogic 
which allows up to 16 80/30s or other bus 


masters 
to share the same system bus. (More de- 


tailed 
information 
on the iSBC 80/30 and other 


iSBC products 
may be found 
in the latest 
Intel 


Systems Data Catalog.) 


A block diagram of the iSBC 80/30 is shown in Fig- 
ure 10. Details of the UPI interface are shown in Fig- 
ure 11. This interface 
decodes the UPI registers 
in 


the following format: 


Register 


Read STATUS 
Write DBBIN (command) 
Read DBBOUT (data) 
Write DBBIN (data) 


Operations 


IN E5H 
OUTE5H 
IN E4H 
OUT E4H 


a-Digit Multiplexed lED Display 


The traditional 
method of interfacing 
an LED dis- 


play with a microprocessor 
is to use a data 
latch 


along with a BDC-to-7-segment 
decoder 
for each 


digit of the display. 
Thus 
two ICs, seven current 


limiting resistors, 
and about 45 connections 
are re- 


quired 
for each digit. These 
requirements 
are, of 


course, multiplied 
by the total number of digits de- 


sired. The obvious disadvantages 
of this method are 
high parts 
count and high power dissipation 
since 


each digit is "ON" continuously. 
Instead, 
a scheme 


of time multiplexing 
the display can be used to de- 


crease both parts count and power dissipation. 


Display multiplexing 
basically involves connecting 


the same segment (a, b, c, d, e, f, or g) of each digit in 
parallel and driving the common digit element 
(an- 
ode or cathode) 
of each digit 
separately. 
This 
is 


shown schematically 
in Figure 12. The various digits 


of the display are not all on at once; rather, only one 
digit at a time is energized. 
As each digit is ener- 


gized, the appropriate 
segments 
for that 
digit are 


turned 
on. Each digit is enabled in this way, in se- 
quence, at a rate fast enough to ensure 
that 
each 
digit appears to be "ON" continuously. 
This implies 


that the display must be "refreshed" 
at periodic in- 


tervals to keep the digits flicker-free. If the CPU had 
to handle this task, it would have to suspend normal 


processing, go update the display, and then return to 
its normal flow. This extra burden is ideally handled 
by a UPI. The master CPU could simply give charac- 
ters to the UPI and let the UPI do the actual seg- 
ment 
decoding, 
display 
multiplexing, 
and 


refreshing. 


As an example of this technique, 
Figure 13 shows the 


UPI controlling 
an 8-digit 
LED display. 
All digit 


segments 
are connected 
in parallel 
and are driven 


through 
segment drivers by the UPI PORT 
1. The 


lower 3 bits of PORT 2 are inputs to a 3-to-8 decoder 
which selects 
an individual 
digit through 
a digit 


driver. A fourth 
PORT 
2 line is used as a decoder 


enable input. The remaining 
PORT 2 lines plus the 


TEST 
0 and TEST 
1 inputs are available for other 


tasks. 


Internally, 
the UPI uses the counter/timer 
in the in- 


terval timer mode to define the interval between dis- 
play refreshes. 
Once the timer 
is loaded 
with the 


desired interval and started, 
the UPI is free to han- 
dle other tasks. It is only when a timer overflow in- 
terrupt 
occurs 
that 
the 
UPI 
handles 
the 
short 


display multiplexing 
routine. The display multiplex- 


ing can be considered a background 
task which is en- 


tirely interrupt-driven. 
The amount 
of time spent 


multiplexing 
is such that there is ample time to han- 


dle a non-timer 
task in the UPI foreground. 
(We'll 


discuss this timing shortly.) 


When a timer interrupt 
occurs, the UPI turns off all 


digits via the decoder enable. The next digit's seg- 
ment contents 
are retrieved 
from the internal 
data 


memory 
and output 
via PORT 
1 to the segment 


drivers. Finally, the next digit's location is placed on 
PORT 
2 (P20-P22) 
and the decoder enabled. 
This 


displays 
the digit's 
segment 
information 
until 
the 


next interrupt. 
The timer is then restarted 
for the 


next interval. This process continues 
repeatedly 
for 


each digit in sequence. 


As a prelude to discussing the UPI software, let's ex- 
amine the internal 
data memory st~ucture 
used in 


this application, 
Figure 14. This application 
requires 


only 14 of the 64 total data memory locations. 
The 


top eight 
locations 
are dedicated 
to the Display 


Map; one location 
for each digit. These 
locations 


contain the segment and decimal point information 
for each character. 
Just 
how characters 
are loaded 


into this section of memory is covered shortly. Regis- 
ter R7 of Register Bank 1 is used as the temporary 
Accumulator 
store 
during 
the 
interrupt 
service 


routines. Register R3 stores the digit number of the 
next digit to be displayed. R2 is a temporary 
storage 


register 
for characters 
during 
input 
routine. 
Ro is 
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the offset pointer pointing to the Display Map loca- 
tion of the next digit. That makes 12 locations so far. 
The remaining two locations are the two stack loca- 
tions required to store the return address plus status 
during 
the 
timer 
and 
input 
interrupt 
service 


routines. 
The remaining 
unused 
locations, 
all of 
Register 
Bank 0, 14 bytes of stack, 4 in Register 
Bank 1, and 24 general purpose RAM locations, are 
all available for use by any foreground task. 


The 
UPI 
software 
consists 
of only three 
short 


routines. 
One, 
INIT, 
is used 
strictly 
during 


initialization. 
DISPLA 
is the multiplexing 
routine 


called at a timer interrupt. 
INPUT 
is the character 


input handler called at an IBF interrupt. 
The flow 


charts for these routines are shown in Figures 14A 
through 14C. 


INIT initializes 
the UPI by simply turning 
off all 


segment and digit drivers, filling the Display Map 
with 
blank 
characters, 
loading 
and starting 
the 


timer, and enabling both timer and IBF interrupts. 
Although the flow chart shows the program looping 
at this point, it is here that the code for any fore- 
ground task is inserted. The only restrictions 
on this 


foreground 
task are that it not use I/O lines dedi- 


cated to the display and that it not require dedicated 
use of the timer. It could share the timer if precau- 
tions are taken to ensure that the display will still be 
refreshed at the required interval. 
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Figure 
14. 
LED Display Controller 
Data Memory 
Allocation 


The INPUT 
routine handles the character 
input. It 


is called when an IBF interrupt 
occurs. After the 


usual swapping of register banks and saving of the 
accumulator, 
DBBIN is read and stored in register 


R2. DBBIN contains the Display Data Word. The 
format for this word, Figure IS, has two fields: Digit 
Select and Character 
Select. The Digit Select field 


selects the digit number 
into which the character 


from the Character Select field is placed. Notice that 
the character 
set is not limited strictly to numerics, 


some alphanumeric 
capability 
is provided. 
Once 


DBBIN 
is read, the offset for the selected digit is 


computed 
and placed in the Display Map Pointer 


Ro. Next the segment information 
for the selected 


character 
is found through a look-up table starting 


in page 3 of the program memory. This segment in- 
formation is then stored at the location pointed at by 
the Display Map Pointer. 
If the Character 
Select 


field specified a decimal point, the segment corre- 
sponding 
to the decimal point is ANDed into the 


present segment information 
for that digit. After the 


accumulator 
is restored, execution is returned 
to the 


main program. 


The 
DISPLA 
routine 
simply 
implements 
the 


multiplexing 
actions 
described 
earlier. It is called 


whenever a timer interrupt 
occurs. After saving pre- 


interrupt 
status 
by switching 
register 
banks 
and 


storing the Accumulator, 
all digit drivers are turned 


off. The Display Map Pointer is then updated 
using 


the Current 
Digit Register 
to point at that 
digit's 


segment information in the Display Map. This infor- 
mation is output 
to PORT 
1; the segment drivers. 


The number of the current digit; R3, is then sent to 
the digit select decoder and the decoder is enabled. 
This turns on the current digit. The digit counter is 
incremented 
and tested to see if all eight digits have 


been refreshed. 
If so, the digit counter 
is reset to 


zero. If not, nothing 
is done. Finally, the timer is 


loaded and restarted, 
the Accumulator 
is restored, 


and the routine returns 
execution to the main pro- 


gram. Thus DISPLA refreshes one digit each time it 
is CALLed by the timer interrupt. 
The digit remains 


on until the next time DISPLA is executed. 


The UPI software listing is included 
as Appendix 


AI. Appendix A2 shows the SOS5Atest routine used 
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Figure 
15. 
LED Display Controller 
Display 
Data 


Word Format 


to display the contents of a display buffer on the dis- 
play. The 8085A software takes :care of the display 
digit numbering. 
Since the application 
is input-only 


for the UPI, the only protocol required 
is that the 
master must test IBF before writing a Display Data 
Word into DBEIN. 


On the iSBC 80/30, the UPI frequency is at 5.5296 
MHz. To obtain a flicker-free display, the whole dis- 
play must be refreshed at a rate of 50 Hz or greater. 


If we assume a 50 Hz refresh rate and an 8-digit dis- 
play, 
this 
means 
the DISPLA 
routine 
must 
be 


CALLed 50X8 or 400 times/sec. This transfers, using 
the timer interval of 87 IlS at 5.5296 MHz, to a timer 
count of 227. (Recall from the UPI-41A User's Man- 
ual that the timer is an "8-bit up-counter".) 
Hence 


the TIME equate of227D in the UPI listing. Obvi- 
ously, different frequency sources or display lengths 
would require that this equate be modified. 


With the UPI running at 5.5296 MHz, the instruc- 
tion cycle time is 2.713 IlS. The DISPLA routine re- 
quires 28 instruction 
cycles, therefore, 
the routine 


executes 
in 76 IlS. Since DISPLA 
is CALLed 400 


times/see, the total time spent refreshing the display 
during one second is then 30 ms or 3 % of the total 
UPI time. This leaves 97.0% 
for any foreground 


tasks that could be added. 


While the basic UPI software 
is useful just 
as it 


stands, there are several enhancements 
that could be 


incorporated 
depending on the application. 
Auto-in- 


crementing 
of the digit location could be added to 


the input routine to alleviate the need for the master 
to keep track of digit numbers. 
This could be (op- 


tionally) either right-handed 
or left-handed 
entry a 


la TI or HP calculators. 
The character 
set could be 


easily modified by simply changing the lookup table. 
The display could be expanded 
to 16 digits at the 


expense of one additional 
PORT 2 digit select line, 


the replacement 
of the 3-to-8 decoder with a 4-to-16 


decoder, and 8 more Display Map locations. 


Now let's move on to a slightly more complex appli- 
cation 
that 
is UPI output-only-a 
sensor 
matrix 


controll~r. 


Sensor' Matrix 
Controller 


Quite often a mic.roprocessor system is called upon 
to read the status of a large number of simple SPST 
switches or sensors. This is especially true in a proc- 
ess or industrial 
control 
environment. 
Alarm sys- 


tems are also good examples of systems with a large 
sensor population. 
If the number of sensors is small, 


it might be reasonable to dedicate a single input port 
pin for each sensor. However, as the number of sen- 
sors increase, this technique 
becomes very wasteful. 


A better arrangement 
is to configure the sensors in a 


matrix 
organization 
like that 
shown in Figure 
16. 


This arrangement 
of 16 sensors requires only 4 input 


and 4 output lines; half the number needed if dedi- 
cated inputs 
were used. The line saving becomes 


even more substantial 
as the number 
of sensors 


increases. 


In Figure 16, the basic operation 
of the matrix in- 


volves scanning 
individual 
row select lines in se- 


quence while reading the column return 
lines. The 


state 
of any particular 
sensor can then 
be deter- 


mined by decoding the row and column information. 
The typical configuration 
pulls up the column re- 


turn 
lines and the selected 
row is held low. De- 


selected rows are held high. Thus a return 
line re- 


mains high for an open sensor on the selected row 
and is pulled low for a closed sensor. Diode isolation 
is used to prevent 
a phantom 
closure which would 


occur when a sensor is closed on a selected row and' 
there are two or more closures on a deselected 
row. 
Germanium 
diodes are used to provide greater noise 


margin at the return line input. 


If the main processor was required to control such a 
matrix it would periodically 
have to output 
at the 


row port and then read the column return port. The 
processor would need to maintain 
in memory a map 


of the previous state of the matrix. A comparison 
of 


the new return 
information 
to the old information 


would then be made to determine 
whether a sensor 


change had occurred. 
Any changes would be pro- 


cessed as needed. 
A row counter 
and matrix 
map 


pointer also require maintenance 
each scan. Since in 


most applications 
sensors change very slowly com- 
pared 
to most 
processing 
actions, 
the 
processor 


probably would scan the rows only periodically with 
other tasks being processed between scans. 


Rather 
than 
require 
the processor 
to handle 
the 


rather 
mundane 
tasks of scanning, comparing, 
and 


decoding the matrix, why not use a dedicated 
pro- 


cessor? The UPI is perfect. 


Figure 17 shows a UPI configuration 
for controlling 


up to 128 sensors arranged in a 16X8 matrix. The 4- 
to-16 line decoder is used as the row selector to save 
port pins and provides the expansion to 128 sensors 
over the maximum of 64 sensors if the port had been 
used directly. It also helps increase the port drive ca- 
pability. 
The column return 
lines go directly 
into 


PORT 
1. Features 
of this design include complete 


matrix management. 
As the UPI scans the matrix it 
SE~.'::";' 
compares its present status to the previous scan. If 


LINES 
any change is detected, the location of the change is 
decoded and loaded, along with the sensor's present 
state, into DBBOUT. This byte is called a Change 
Word. The Master 
processor 
has only to read one 


byte to determine 
the status 
and coordinate 
of a 


changed sensor. If the master 
had not read a pre- 


vious Change Word in DBBOUT 
(OBF=1) before a 


new sensor 
change 
is detected, 
the new Change 
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PORT 
1 
B RETURN 
LINES 
07 


0 
':: 
cs 
,. 


Ro 
8041A/ 
8741A 
74154 
WR 


AO 
P23 
0 


FIFO NOT 
P22 
16 x 8 
EMPTY 
SENSOR 
P2. 
P21 
MATRIX 


OBF 
P25 
P20 


Word is loaded into an internal 
FIFO. This FIFO 
buffers up to 40 changes before it fills. The status of 
the FIFO and OBF is made available to the master 
either by polling the UPI STATUS 
register, Figure 
18A, or as interrupt 
sources on port pins P24 and 


P25 respectively, 
Figure 17. The FIFO NOT EMP- 


TY pin and bit are true as long as there are changes 
not yet read in the FIFO. As long as the FIFO is not 
empty, 
the 
UPI 
monitors 
OBF and 
loads 
new 


Change Words from the FIFO into DBBOUT. Thus, 
the UPI provides complete FIFO management. 
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Internally, 
the matrix 
scanning 
software 
is pro- 


grammed 
to run as a foreground 
task. This allows 


the timer/counter 
to be used by any background task 


although 
the hardware 
configuration 
leaves only 2 


inputs 
(TEST 0 and TEST 
1) plus 2 I/O port pins 


available. Also, to add a background 
task, the FIFO 


would have to be made smaller to accommodate 
the 


needed register and data memory space. (It would be 
possible however to turn the table here and make the 
scanning 
software 
timer/counter 
interrupt-driven 


where the timer times the scan interval.) 


The data memory organization for this application 
is 


shown in Figure 19. The upper 
16 bytes form the 


Matrix 
Map and store the sensor states 
from the 


previous scan; one bit for each sensor. The Change 
Word FIFO occupies the next 40 locations. (The top 
and bottom 
addresses 
of this FIFO are treated 
as 


equate 
variables 
in the program so that 
the FIFO 


size may easily be changed to accommodate 
the reg- 


ister needs of other tasks.) Register Ro serves as a 
pointer 
into the matrix 
map area for comparisons 


and updates 
of the sensor status. 
Rl is a general 


FIFO pointer. The FIFO is implemented 
as a circu- 


lar buffer with In and Out pointer 
registers 
which 


are stored in R4 and R5 respectively. These registers 
are moved into FIFO pointer R1 for actual transfers 
into 
or out of the 
FIFO. 
R2 is the 
Row Select 


Counter. 
It stores 
the number 
of the row being 


scanned. 
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Register R3 is the Column Counter. This counter is 
normally set to OOH; however, when a change is de- 
tected 
somewhere in a particular 
row, it is used to 


inspect 
each sensor 
status 
bit individually 
for a 


change. When a changed counter sensor bit is found, 
the Row Select Counter 
and Column Counter 
are 


combined 
to give the sensor's 
matrix 
coordinate. 


This coordinate 
is temporarily 
stored in the Change 


Word Store, register RG.Register R7 is the Compare 
Result. As each row is scanned, the return informa- 
tion is Exclusive-OR'd 
with the return 
information 


from the previous scan ofthat 
row. The result of this 


operation 
is stored in R7. If R7 is zero, there have 


been no changes on that row. A non-zero result indi- 
cates at least one changed sensor. 


The basic program 
operation 
is shown in the flow 


chart 
of Figure 
20. At RESET, 
the software 
ini- 


tializes the working registers, 
the ports, and clears 


the STATUS 
register. To get a starting 
point from 


which to perform the sensor comparisons, 
the cur- 


rent status 
of the matrix is read and stored in the 


Matrix Map. At this point, the UPI begins looking 
for changed sensors starting with the first row. 


Before delving further 
into the flow, let's pause to 


describe 
the general format 
of the operation. 
The 


UPI 
scans 
the matrix 
one row at a time. 
If no 


changes are detected 
on a particular 
row, the UPI 
simply moves to the next row after checking the sta- 
tus of DBBOUT 
and the FIFO. If a change is de- 


tected, the UPI must check each bit (sensor) within 
the row to determine 
the actual 
sensor 
location. 


(More than 
one sensor 
on the scanned 
row could 


have changed.) Rather than test all 8 bits of the row 
before 
check.ing the DBBOUT 
and 
FIFO 
status 
again, the UPI performs the status check in between 
each of the bit tests. 
This ensures 
the fastest 
re- 
sponse 
to the" master 
reading 
previous 
Change 


Words from DB BOUT and the FIFO. 


With this general 
overview in mind, let's go first 
thru the flow chart assuming we are scanning a row 
where no changes 
have occurred. 
Starting 
at the 
Scan-and-Compare 
section, the UPI first checks if 


the entire matrix has been scanned. If it has, the var- 
ious pointers 
are reset. If not, the address 
of the 


next row is placed on PORTs 20 thru 23. This selects 
the desired row. The state of the row is then read 
on PORT 
1; the column return 
lines. This present 
state is compared 
to the previous 
state by retriev- 
ing the previous 
state 
from the matrix 
map and 


performing 
an Exclusive-OR 
with the present state. 


Since we are assuming that no change has occurred, 
the result is zero. No coordinate 
decoding is needed 


and the flow branches to the FIFO-DBBOUT 
Man- 


agement section. 


The FIFO-DBBOUT 
Management 
section 
simply 


maintains 
the FIFO and loads DBBOUT 
whenever 
Change 
Words 
are 
present 
in the 
FIFO 
and 


DBBOUT is clear (OBF=O). The section first tests if 
the FIFO is full. (If we assume our "no-change" 
row 


is the first row scanned, the FIFO obviously would 
not be full.) If it is, the UPI waits until OBF=O, at 
which point the next Change Word is retrieved from 
the FIFO and placed in DBBOUT. This "unfills" the 
FIFO making room for more Change Words. At this 
point, the Column Counter, R3, is checked. For rows 
with no changes, the Column Counter is always zero 
so the test simply falls through. 
(We cover the case 


for changes shortly.) Now the FIFO is tested for be- 
ing empty. If it is, there is no sense in any further 
tests so the flow simply goes back up to scan the next 
row. If the FIFO is not empty, DB BOUT is tested 
again 
through 
OBF. 
If a Change 
Word 
is in 


DBBOUT waiting for the master to read it, nothing 
can be done and the flow likewise branches 
up for 


the next row. However, if the DBBOUT 
is free and 


remembering 
that the previous test showed that the 


FIFO was not empty, DBBOUT 
is loaded with the 


next Change Word and the last two conditional 
tests 


repeat. 


Now let's 
assume 
the next 
row contains 
several 
changed sensors. Like before, the row is selected, the 
return lines read, and the sensor status compared to 
the previous scan. Since changes have occurred, the 
Exclusive-OR 
result is now non-zero. Any l's in the 
result reflect the positions 
of the changed 
sensors. 
This non-zero result is stored in the Compare Result 
register, 
R7. At this point, the Column Counter 
is 
preset to 8. To determine 
the changed sensors' loca- 


tions, the Compare Result register is shifted bit-by- 
bit to the 
left 
while 
decrementing 
the 
Column 


Counter. After each shift, BIT 7 ofthe 
result is test- 


ed. If it is a one, a changed sensor has been found. 
The Column Counter then reflected the sensor's ma- 
trix column position while the Scan Row Select reg- 
ister holds it row position. These registers are then 
combined in R(;, the Change Word Store, to form the 
sensor's 
matrix 
coordinate 
section 
of the Change 


Word. The 8th bit of the Change Word Store is cod- 
ed with the sensor's present 
state (Figure 18). This 


byte forms the complete Change Word. It is loaded 
into the next available FIFO position. If BIT 7 of the 
Compare Result had been zero, that particular 
sen- 


sor had not changed and the coordinate 
decoding is 


not performed. 


In between each shift, test, and coordinate encode (if 
necessary), 
the FIFO-DBBOUT 
Management 
is 
performed. 
It is the Column Counter test within this 


section that routes the flow back up to the Change 
Word Encoding section if the entire Compare Result 
(row) has not been shifted and tested. 


The FIFO is implemented 
as a circular buffer with 


IN and OUT pointers (R4 and RS respectively). 
The 


operations 
of the FIFO is best understood 
using an 


example, Figure 21. This series of figures show how 
the FIFO, DBBOUT, 
and OBF interact 
as changes 


are detected and Change Words are read by the mas- 
ter. The letters 
correspond 
to sequential 
Change 


Words being loaded into the FIFO. Note that the fig- 
ures show only a 4X8 FIFO however, the principles 
are the same in the 40X8 FIFO. 


Figure 21A shows the condition 
where no Change 


Words have been loaded into the FIFO or DBBOUT. 
In Figure 21B a change, "A", has been detected, 
de- 


coded, 
and loadep. into the FIFO 
at the location 


equal 
to the value of the FIFO-IN 
pointer. 
The 


FIFO-OUT 
pointer 
is reset 
to the bottom 
of the 


FIFO since it had reached the FIFO top. Now that a 
Change Word is in the FIFO, OBF is checked to see 
ifDBBOUT 
is empty. Because OBF=O, DBBOUT is 


empty 
and the Change 
Word is loaded 
from the 


FIFO location pointed at by the FIFO-OUT 
pointer. 


This is shown in Figure 
21C. Loading 
DBBOUT 


automatically 
sets OBF. OBF remains set until the 


master reads DBBOUT. 
Figures 21D and 21E show 


two more Change Words loaded into the FIFO. In 
Figure 21F the first Change Word is finally read by 
the master 
resetting 
OBF. This 
allows 
the next 


Change Word to be loaded into DBBOUT. Note that 
each time the FIFO is loaded, the FIFO-IN 
pointer 


increments. 
Each time DBBOUT 
is read the FIFO- 


OUT pointer 
increments 
unless there are no more 


Change 
Words in the FIFO. 
Both pointers 
wrap- 


around to the bottom once they reach the FIFO top. 
The remaining figures show more Change Words be- 
ing loaded into the FIFO. When the entire FIFO fills 
and DBBOUT can not be loaded (OBF= 1), scanning 
stops until the master reads DBBOUT making room 
for more Change Words. 


As was mentioned 
earlier, two interrupt 
outputs 
to 


the master are available: Change Word Ready (P25, 
OBF) and FIFO NOT EMPTY 
(P24). The Change 


Word Ready interrupt 
simply reflects OBF and is 


handled 
automatically 
by the UPI 
since 
an EN 


FLAGS instruction 
is executed during initialization. 


The FIFO NOT EMPTY interrupt 
is generated 
and 


cleared as appropriate, 
each pass through 
the FIFO 


management 
code. 


No debouncing 
is provided 
although 
it could 
be 


added. 
Rather, 
the scan time is left as an equate 


variable so that it could be varied to account for both 
debounce 
time and expected 
sensor 
change rates. 


The 
minimum 
scan time 
for this 
application 
is 


2msec when using a 6MHz clock. Since the matrix 
controller 
is coded as a foreground 
task, scan time 


simply uses a software delay loop. 


The UPI software is included as Appendix 
B1. Ap- 


pendix 
B2 is 8085A test 
software 
which builds 
a 


Change Word buffer starting at BUFSRT. 
This soft- 


ware simply polls the STATUS 
register looking for 


Change Word Ready to go true. DBBOUT 
is then 


read and loaded into the buffer. Now let's move on to 
an application 
which combines both the foreground 


and background 
concepts. 


Combination I/O Device 


The final UPI application 
was designed especially to 


add additional 
serial and parallel 
I/O ports to the 


iSBC 80/30. This UPI simulates a full-duplex 
UART 


(Universal 
Asynchronous 
Receiver/Transmitter) 


combined with an 8-bit parallel I/O port. Features of 
the UART include: software 
selectable 
baud rates 


(110, 300, 600, or 1200 baud), double buffering 
for 


both the transmitter 
and receiver, and receiver test- 


ing for false start bit, framing, and overrun 
errors. 


For parallel I/O, one 8-bit port is programmable 
for 


either input or output. The output 
port is statically 


latched and the input port is sampled. 
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Figure 21A-J. 
FIFO Operation 
Example 


Figure 22 shows the interface 
of this combination 


I/O device to the dedicated 
UPI socket on the iSBC 


80/30. The only external requirement 
is a 76.8 kHz 


source which serves as the baud rate standard. 
The 


internal baud rates are generated as multiples of this 
external clock. This clock is obtained from one of the 
8253 counters. 
Otherwise, an RS-232 driver and re- 
ceiver already available for UPI use in serial I/O ap- 
plications. Sockets are also provided for termination 
of the parallel port. 


TICK SAMPLE 


EXT 
CLOCK(76.8 
KH:!) 


FROM 8253 


There 
are three 
commands 
for this 
application. 
Their 
format 
is shown 
in Figure 
23. The 
CON- 


FIGURE 
command 
specifies the serial baud rate 


and the parallel I/O direction. 
Normally this com- 
mand 
is issued 
once during 
system 
initialization. 
The I/O command causes a parallel I/O operation to 
be performed. 
If the parallel port direction 
is out, 


the UPI expects the data byte immediately following 
an I/O command 
to be data for the output 
port. If 


the port is in the input direction, 
an I/O command 


causes the port to be read and the data placed in 
DBBOUT. 
The RESET 
ERROR 
command 
resets 


the serial receiver error bits in the STATUS register. 


C 
P 
A-1200 
BAUDSELECT 
B- 
600 BUAD SELECT 
c- 
300 
BAUD SELECT 
0- 
110 BAUDSELECT 
P-PARALlEL 
I/O DIRECTION 
O-INPUT 
1-QUTPUT 


o 
1/0 
COMMAND 


o 
RESET 
ERROR COMMAND 


The STATUS register format is shown in Figure 24. 
Looking 
at each bit, BIT 0 (OBF) is the DATA 


AVAILABLE flag. It is set whenever the UPI places 
data into DBBOUT. Since the data may come from 


either the receiver or the parallel input port, the FO 
and Fl flags (BITs 2 and 3) code the source. Thus, 
when the master finds OBF set, it must decode FO 
and Fl to determine 
the source. 


OBF-DATA 
AVAILABLE 


ISF-BUSY 


FO 
Fl 


NOT USED 
Tx INTERRUPT 
FRAMING 
ERROR 


OVERRUN 
ERROR 


NO OPERATION 


PARAllEL 
I 0 OAT A 


SERIAL I 
0 DATA 


COMMAND 
ERROR 


BIT 1 (IBF) functions as a busy bit. When IBF is set, 
no writes to DBBIN are allowed. BIT 5 is the TxINT 
(Transmitter 
Interrupt) 
bit. It is asserted whenever 


the transmitter 
buffer register is empty. The master 


uses this bit to determine 
when the transmitter 
is 


ready to accept a data character. 


BITS 6 and 7 are receiver error flags. The framing 
error flag, BIT 6, is set whenever a character 
is re- 


ceived with an invalid stop bit. BIT 7, overrun error, 
is set if a character 
is received before the master has 
read a previous character. 
If an overrun occurs, the 


previous character 
is overwritten 
and lost. Once an 


error occurs, the error flag remains set until reset by 
a RESET 
ERROR command. A set error flag does 


not inhibit receiver operation 
however. 


Figure 25 shows the port pin definition 
for this ap- 


plication. 
PORT 
1 is the parallel 
I/O port. 
The 


UART uses PORT 2 and the Test inputs. P20 is the 
transmitter 
data out pin. It is set for a mark and re- 


set for a space. P23 is a transmitter 
interrupt 
output. 


This pin has the same timing as the TxINT bit in the 
STATUS 
register. It is normally used in interrupt- 


driven 
systems 
to interrupt 
the master 
processor 


when the transmitter 
is ready to accept a new data 


character. 


The OBF flag is brought out on P24 as a master in- 
terrupt 
when data is available in DBBOUT. P26 is a 


diagnostic 
pin which pulses at four times the se- 


lected baud rate. (More about this pin later.) The re- 
ceiver data input uses the TEST 0 input. One of the 
PORT 
2 pins could have been used, however, the 
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26 
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7 
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25 


TO 
Rx DATA 


2. 


23 
T1 
EXTERNAL 
CLOCK 
(76.8 
kHz) 


software 
can test the TEST 
0 in one instruction 


without first reading a port. 


The TEST 
1 input is the baud rate external source. 


The UART divides this input to determine 
the tim- 


ing needed for the selected baud rate. The input is a 
non-synchronous 
76.8 kHz source. 


Internally, 
when the CONFIGURE 
command is re- 


ceived and the selected baud rate is determined, 
the 


internal 
timer/counter 
is loaded with a baud rate 


constant 
and started 
in the event 
counter 
mode. 
Timer/counter 
interrupts 
are then 
enabled. 
The 


baud rate constant 
is selected to provide a counter 


interrupt 
at four times the desired 
baud rate. At 


each interrupt, 
both the transmitter 
and receiver are 


handled. 
Between 
interrupts, 
any new commands 


and data are recognized and executed. 


As a prelude to discussing the flow charts, Figure 26 
shows the register definition. Register Bank 0 serves 
the UART receiver and parallel I/O while Register 
Bank 1 handles 
the UART transmitter 
and com- 


mands. Looking at RBO first, R3 is the receiver sta- 
tus register, 
RxSTS. 
Reflected 
in the bits of this 


register is the current 
receiver status 
in sequential 


order. Figure 27 shows this bit definition. 
BIT 0 is 


the Rx flag. It is set whenever a possible start bit is 
received. BIT 1 signifies that 
the start 
bit is good 


and character 
construction 
should begin with the 


next received bit. BIT 1 is the Good Start flag. BIT 2 
is the Byte Finished 
flag. When all data bits of a 


character 
are received, this flag is set. When all the 


bits, data and stop bits are received, the assembled 
character 
is loaded into the holding register (R4 in 
Figure 27) BIT 3, the Data Ready flag, is set. The 
foreground 
routine which looks for commands 
and 


data 
continuously, 
looks at this bit to determine 


when the receiver has received a character. 
BITS 4 


and 5 signify any error conditions 
for a particular 


character. 
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The parallel I/O port software uses BITS 6 and 7. 
BIT 6 codes the I/O direction 
specified by the last 


CONFIGURE 
command. BIT 7 is set whenever an 


I/O command 
is received. The foreground 
routine 


tests this bit to determine when an I/O operation has 
been requested 
by the master. 


As was mentioned, 
R4 is the receiver holding regis- 


ter. Assembled 
characters 
are held in this register 


until the foreground routine finds DBBOUT free, at 
which 
time 
the 
data 
is transferred 
from 
R4 to 


DBBOUT. 
R5 is the receiver tick counter. 
Recall 


that counter interrupts 
occur at four times the baud 


rate. Therefore, once a start bit is found, the receiver 
only needs to look at the data every four interrrupts 
or tick counts. R5 holds the current tick count. 


R6 is the receiver de-serializing 
register. Data char- 


acters are assembled in this register. R6 is preset to 
80H when a good start bit is received. As each bit is 


sampled every four timer ticks, they are rotated into 
the leftmost bit of R6. The software knows the char- 
acter assembly is complete when the original preset 
bit rotates into the carry. 


An image ofthe upper 4 bits ofthe STATUS register 
is stored in R7. These bits are the TxINT, 
Framing 


and Overrun 
bits. This image is needed 
since the 


UPI may load the upper 
4 STATUS 
register 
bits 


from its accumulator; 
however, it cannot read STA- 
TUS directly. 


In Register Bank 1 (Figure 26), Rl holds the baud 
rate constant which is found from decoding the baud 
rate select bits of the CONFIGURE 
command. The 


counter 
is reloaded 
with this constant 
every timer 


tick. Like the receiver, the transmitter 
only needs to 


update 
the transmitter 
output 
every four ticks. R2 


holds the transmitter 
tick count. The value of R2 de- 


termines 
which portion 
of the data is being trans- 
mitted; start bit, data bits, or stop bit. The transmit 
serializer is Rg. Rg holds the data character 
as each 


character 
bit is transmitted. 


R4 is the transmitter 
holding register. 
It provides 


the double 
buffering 
for the transmitter. 
While 


transmitting 
one character, 
it is possible to load the 


next character 
into R4 via DBBIN. The TxINT 
bit 


in STATUS 
and pin on PORT 
2 reflect the "full- 


ness" of R4. If the holding register is empty, the in- 
terrupt 
bit and pin are set. They are reset when the 


master 
writes a new data byte for the transmitter 


into 
DBBIN. 
The 
transmitter 
status 
register 


(TxSTS) 
is R5. Like RxSTS,TxSTS 
contains 
flag 


bits which indicate the current state of the transmit- 
ter. This flag bit format is shown in Figure 28. 


TxSTS BIT 0 is the Tx flag. It is set whenever the 
transmitter 
is transmitting 
a character. 
It is set from 


the beginning 
of the start 
bit until the end of the 


stop bit. BIT 1 is the Tx request flag. This bit is set 
by the foreground 
routine 
when it transfers 
a new 


character 
from DBBIN to the Tx holding register, 


R4. The transmitter 
software uses this flag to tell if 


new data is available. It is reset when the transmitter 
transfers 
the character 
from the holding register to 


the serializer. 


17~5 
413~' 
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BIT 2 is the pipelined 
Tx data bit. The transmitter 


uses a pipelining 
technique 
which sets up the next 


output 
level in BIT 2 after processing 
the current 


timer tick. The output level is always changed at the 
same point after a timer tick interrupt. 
This tech- 


nique ensures that 
no bit timing distortion 
results 


from different 
length processing paths through 
the 


receiver and transmitter 
routines. 


BIT g of TxSTS is the Start Bit flag. It is set by the 
transmitter 
when the start bit space is set up in the 


pipelined 
data 
bit. This allows the transmitter 
to 


differentiate 
between the start bit and the data bits 


on following timer ticks. 


The flow charts 
for this application 
are shown in 


Figures 
29A-F. At reset, the INIT 
routine 
is exe- 


cuted which initializes 
the registers 
and port pins. 


After 
initialization, 
IBF and 
OBF are tested 
in 


MNLOOP. These flags are tested continually 
in this 


loop. If IBF is set, Fl is tested for command or data 
and execution is transferred 
to the appropriate 
rou- 


tine (CMD or DATA). If IBF=O, OBF is checked. If 
OBF=O (DBBOUT 
is free), the Rx data ready and 


I/O flags in RxSTS are tested. If Rx data ready is set, 
the received data is retrieved 
from the Rx holding 


register 
and transferred 
to DBBOUT. 
Any error 


flags associated with that data are also transferred 
to 


STATUS. If the I/O flag is set and the I/O direction 
is input, PORT 1 is read and the data transferred 
to 


DBBOUT. In either case, FO and Fl are set to indi- 
cate the data source. 


If IBF is set by a command write to DBBIN, 
CMD 


reads the command 
and decodes the desired 
oper- 


ation. If an I/O operation is specified, the I/O flag is 
set to indicate to the MNLOOP and DATA routines 
that an I/O operation is to be performed. 
If the com- 


mand is a CONFIGURE 
command, the constant 
for 


the selected baud rate is loaded into both Baud Rate 
Constant 
register and the timer/counter. 
The timer/ 


counter 
is started 
in the event counter 
mode and 


timer/counter 
interrupts 
are enabled. 
In addition, 


the I/O port is initialized to aliI's 
ifthe I/O direction 


bit specifies an input port. If the command is a RE- 
SET ERROR command, the two error flags in STA- 
TUS are cleared. 


If the IBF flag is set by a data write, the DATA rou- 
tine reads DBBIN and places the data in the appro- 
priate place. If the I/O flag is set, the data is for the 
output 
port so the port is loaded. If the I/O flag is 


reset, the data is for the UART transmitter. 
Data for 


the transmitter 
resets the TxINT 
bit and pin plus 


sets the Tx request flag in TxSTS. The data is trans- 
ferred to the Tx holding register, R4. 


Once a CONFIGURE 
command is received and the 


counter 
started, 
timer/counter 
interrupts 
start 
oc- 


curring at four times the selected baud rate. These 
interrupts 
cause a vector to the TIMINT 
routine, 
Figure 29D. A 76:8 kHz counter 
input 
provides 
a 


13.02 JlS counter resolution. Since it requires several 
UPI instruction 
cycles to reload the counter, 
the 


counter 
is set to two counts less than the desired 


baud rate and the counter is reloaded in TIMINT 
synchronous 
with the second low-going transition 


after the interrupt. 
Once the counter is reloaded, an 


output port (P26) is toggled to give an external indi- 


cation of internal counter interval. This is a helpful 
diagnostic feature. After the tick sample output, the 
pipelined transmitter 
data in TxSTS is output to the 


TxD pin. Although this occurs every timer tick, the 
pipe lined data is changed only every fourth tick. 


The receiver is now handled, 
Figure 29E. The Rx 


flag in RxSTS is examined to see if the receiver is 
currently in the process of receiving a character. If it 
is not, the RxD input is tested for a space condition 
which might indicate a possible start bit. If the input 
is a mark, no start 
bit is possible 
and execution 


AFN-1l1536A 


branches to the transmitter 
flow, XMIT. If the input 


is a space, the Rx flag is set before proceeding 
with 


XMIT. 


If the Rx flag is found set when entering 
ReV, the 
receiver is in the process of receiving a character. 
If 


so, the start bit flag is then tested to determine 
if a 


good start bit was received. The Rx tick counter 
is 


initialized 
to 4 and the Rx deserializer 
is set to 80H. 
A mark indicates a bad start bit; the Rx flag is reset 
to abort the reception. 


If the start bit flag is set, the program is somewhere 
in the middle 
of the received character. 
Since the 


data should be sampled every fourth timer tick, the 
tick counter 
is decremented 
and tested 
for zero. If 
non-zero no sample is needed and execution contin- 
ues with XMIT. If zero, the tick counter is reset to 
four. Now the byte finished flag is tested 
to deter- 
mine if the data sample is a data or stop bit. If reset, 
the sample is a data bit. The sample is done and the 
new bit rotated into the Rx deserializer. If this rotate 


sets the carry, that data bit was the last so the byte 
finished flag is set. If the carry is reset, the data bit is 
not the last so execution 
simply 
continues 
with 


XMIT. 


Had the byte finished flag been set, this sample is for 
the stop bit. The RxD input is tested and if a space, 
the framing error flag is set. Otherwise, 
it is reset. 


Next, the Rx data ready flag is tested. If it is set, the 
master 
has not read the previous character 
so the 


overrun error flag is set. Then the Rx data ready flag 
is set and the received data character 
is transferred 


into the Rx holding register. The Rx, start bit, and 
byte finished flags are reset to get ready for the next 
character. 


Execution ofthe transmitter 
routine, XMIT, follows 


the receiver, Figure 29F. The transmitter 
starts by 


checking the start bit flag in TxSTS. Recall that the 
actual transmit 
data is output 
at the beginning 
of 


the timer routine. The start bit flag indicates wheth- 
er the current timer tick interrupt 
started 
the start 


bit. If it is set, the pipelined 
data output 
earlier in 


the routine was the start of the start bit so the flag is 
reset and the Tx tick counter is initialized. 
Nothing 
else is done this timer tick so the routine returns to 
the foreground. 


u ~ne s~art Olt Hag IS reset, the Tx tick counter 
is 


incremented 
and tested. The test is performed mod- 


ulo 4. If the counter mod 4 is not zero, it has not been 
four ticks since the transmitter 
was handled 
last so 


the routine simply returns. 
If the counter mod 4 is 


zero, it is time to handle the transmitter 
and the Tx 


flag is tested. 


The Tx flag indicates whether the transmitter 
is ac- 


tive. If the transmitter 
is inactive, 
no character 
is 


currently being transmitted 
so the Tx request flag is 


tested to see if a new character 
is waiting in the Tx 


buffer. 
If no character 
is waiting 
(Tx request 


flag=O), the Tx interrupt 
pin and bit are set before 


returning 
to the foreground. 
If there is a character 


waiting, it is retrieved from the buffer and placed in 
the Tx serializer. The Tx request flag is reset while 
the Tx and start bit flags are set. A space is placed in 
the Tx pipelined data bit so a start bit will be output 
on the next tick. Since the Tx buffer is now empty, 
the Tx interrupt 
bit and pin are set to indicate the 


availability 
of the buffer to the master. The routine 


then returns to the foreground. 


If the tick counter mod 4 is zero and the Tx flag in- 
dicates the transmitter 
is in the middle of a charac- 


ter, the tick counter is checked to see what transmit- 
ter operation is needed. If the counter is 28H (40D), 
all data bits plus the stop bits are complete. 
The 


character is therefore done and the Tx flag is reset. If 
the counter is 24H (36D), the data bits are complete 
and the next output should be a mark for the stop bit 
so a mark is loaded into the Tx pipelined data bit. 


If neither 
of the above conditions 
are met for the 


counter, 
the transmitter 
is some place in the data 


field, so the next data bit is rotated 
out of the Tx 


serializer into the pipe lined data bit. The next tick 
outputs 
this bit. 


At this point the program execution 
is returned 
to 


the foreground. 


That 
completes 
the discussion 
of the combination 


I/O device flow charts. The UPI software listing is 
shown in Appendix 
Cl. Appendix 
C2 is example 


8085A driver software. 


Several observations 
concerning the drivers are ap- 


propriate. 
Notice that since the receiver and input 


port of the UPI use the OBF flag and interrupt 
out- 


put, the interrupt 
and flag are cleared when the mas- 


ter 
reads 
DBBOUT. 
This 
is not 
true 
for the 


transmitter. 
There is always some time after a mas- 


ter write of new transmitter 
data before the trans- 


mitter bit and pin are cleared. Thus in an interrupt- 
driven system, edge-sensitive 
interrupts 
should be 
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used. For polled-systems, 
the software 
must wait 
after writing new data for IBF=O before re-examin- 
ing the Tx interrupt 
flag in STATUS. 


Notice that 
this application 
uses none of the user 


data memory above Register Bank 1 and only 361 
bytes of program memory. This leaves the door open 
for many improvements. 
Improvements 
that 
come 


to mind are increased 
buffering of the transmit 
or 


received data, modem control pins, and parallel port 
handshaking 
inputs. 


This completes our discussion of specific UPI appli- 
cations. Before concluding, let's look briefly at two 
debug techniques 
used during the development 
of 


these applications 
that you might find useful in your 


own designs. 


DEBUG TECHNIQUES 


Since the UPI is essentially a single-chip microcom- 
puter, the classical data, address, and control buses 
are not available to the outside world during normal 
operation. 
This fact normally 
makes debugging 
a 


UPI design difficult; however, certain "tricks" can be 
included in the UPI software to ease this task. 


If a UPI is handling 
multiple 
tasks, 
it is usually 


easier to code and debug each task individually. This 
is fairly standard 
procedure. Since each task usually 


utilizes only a subset of the total number of I/O pins, 


coding only one task leaves some I/O pins free. Port 
output 
instructions 
can then be added 
in the task 
code being debugged which toggle these unused pins 
to determine 
which section of task code is being ex- 


ecuted at any particular 
time. The task can also be 
made to "wait" at various points by using an extra 
pin as an input and adding code to loop until a par- 
ticular input condition 
is met. 


One example 
of using an extra pin as an output 
is 
included 
in the combination 
serial/parallel 
device 
code. During 
initial 
development 
the receiver was 
not receiving characters 
correctly. 
Since this could 
be caused by incorrect sampling, three lines of code 
were added to toggle BIT 6 of PORT 2 at each tick of 
the sample clock. This code is at lines 184 and 185 of 
the listing. Thus by looking at the location of the tick 


sample pulse with respect 
to the received 
bit, the 


UPI sampling 
interval 
can be observed. 
The tick 


sample time was incorrect 
and the code was modi- 


fied accordingly. 
Similar 
techniques 
could be ap- 


plied at other locations in the program. 


The EPROM 
version of the UPI (8741A) also con- 


tains another feature to aid in debug: the capability 
to single step thru 
a program. 
The user may step 


thru 
the program 
instruction-by-instruction. 
The 


address of the next instruction 
to be fetched is avail- 


able on PORT 1 and the lower 2 bits of PORT 2. Fig- 
ure 30 shows the timing used in the discussion below. 
When the single step input, SS, is brought 
low, the 


internal 
processor responds 
by stopping 
during the 


fetch portion of the next instruction. 
This action is 


acknowledged 
by the processor 
raising the SYNC 


: 


CAUSED 


BY 55 
BUTTON 


PORTS 
X 
PORT DATA VALID X 
ADDRESS 
~~ 


~,is~~~Ji~N 
-j... 
---STOPPED 
-----j- 
ACTIVE_ 


output. The address of the instruction 
to be fetched 
is then placed on the port pins. This state may be 
held indefinitely. 
To step to the next instruction, 
SS 
is raised high, which causes SYNC to go low, which is 
then used to return SS low. This allows the processor 
to advance to the next instruction. 
If SS is left high, 
the processor continues 
to execute at normal speed 
until SS goes low. 


To preserve 
port functionality, 
port data 
is valid 
while SYNC is low. Figure 31 shows the external cir- 
cuitry required 
to implement 
single step while pre- 
serving 
port 
functionality. 
S1 is the RUN/STOP 
switch. When in the RUN position, the 7474 is held 
preset so SS is high and the UPI executes normally. 
When switched to STOP, the preset is removed and 


the next low-going transition 
of SYNC causes the 
7474 to clear, lowering SS. While sync is low, the 
port data is valid and the current 
instruction 
is ex- 
ecuting. Low SYNC is also used to enable the tri- 
state 
buffers 
when the ports 
are used as inputs. 


When execution is complete, SYNC goes high. This 
transition 
latches 
the 
valid 
port 
data 
in the 
74LS374s. SYNC going high also signifies that 
the 
address 
of the next instruction 
will appear 
on the 
port pins. This state can be held indefinitely 
with 
the address data displayed on the LEDs. 


When the S2 is depressed, 
the 7474 is set which 
causes SS to go high. This allows the processor 
to 
fetch and execute the instruction 
whose address was 
displayed. 
SYNC going low during execution, clears 
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the 7474 lowering SS. Thus the processor again stops 
when execution 
is complete 
and the next fetch is 


started. 


All UPI functions 
continue 
to operate while single 


stepping 
(the processor is actually executing NOPs 


internally 
while stopped). 
Both 
IBF and timer/ 


counter interrupts 
can be serviced. The only change 


is that 
the interval 
timer 
is pre scaled 
on single 


stepped instructions 
and, of course, will not indicate 


the correct intervals in real time. The total number 
of instruction 
which would have been executed dur- 


ing a given interval is the same however. 


The single step circuitry can be used to step through 
a complete program; however, this might be a time- 
consuming job if the program is long or if only a por- 
tion is to be examined. The circuitry could easily be 
modified 
to incorporate 
the output 
toggling tech- 


nique to determine 
when to run and stop. If you 


would like to step thru a particular 
section of code, 


an extra 
port pin could replace 
switch 
S1. Extra 


instructions 
would then be added to lower the port 


when entering 
the code section and raise the port 


when exiting the section. The program would then 
stop when that section of code is reached allowing it 
to be stepped through. At the end of the section, the 
program would execute at normal speed. 


CONCLUSION 


Well, that's it. Machine readable (floppy disk or pa- 
per tape) source listings of UPI software for these 
applications 
are available in Insite, the Intel library 


of user-donated 
programs. 
Also available 
in Insite 


are the source listings for some of Intel's 
pre-pro- 


grammed UPI products. 


For information 
about Insite, write to: 


Insite 
Intel Corp. 
3065 Bowers Ave. 
Santa Clara, Ca 95051 


1 
SMOD41A 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1b 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 
31 
32 
33 
34 
35 


*********************************************** 
* 
UPI-41A 
a-DIGIT 
LED 
DISPLAY 
CONTROLLER 
* 
********************************************.** 


;THIS 
PROGRAM 
USES 
THE 
UPI-41A 
AS 
A 
LED 
DISPLAY 
CONTROLLER 


; WHICH 
SCANS 
AND 
REFRESHES 
EIGHT 
SEVEN-SEGMENT 
LED 
DISPLAYS. 
; THE 
CHARACTERS 
ARE 
DEFINED 
BY 
INPUT 
FROM 
A 
MASTER 
CPU 
IN 
THE 
; FORM 
OF 
ONE 
EIGHT 
BIT 
WORD 
PER 
DIGIT-CHARACTER 
SELECTION. 


DISPLAY 
HAP 
POINTER 
NOT 
USED 
DATA 
WORD 
AND 
CHARACTER 
STORAGE 
DIGIT 
COUNTER 
NOT 
USED 
NOT 
USED 
NOT 
USED 
ACCUMULATOR 
STORAGE 


USED 
USED 
USED 
USED 
USED 
USED 
USED 
USED 


APPLICATIONS 


LOC 
DB" 
LINE 
SOURCE 
STATEMENT 


36 i.****************************************************.****************** 
37 iDISPLAY 
DATA 
WORD 
BIT 
DEFINITION: 


38 
BIT 
FUNCTION 


39 
40 
0-4 
CHARACTER 
SELECT 
41 
5-7 
OIGIT 
SELECT 
42 
43 •CHARACTER 
SELECT: 


44 
04 
03 
02 
01 
00 
CHARACTER 
45 
0 
0 
0 
0 
0 
0 
46 
0 
0 
0 
0 
I 
I 
47 
0 
0 
0 
I 
0 
2 
48 
0 
0 
0 
I 
I 
3 
49 
0 
0 
I 
0 
0 
4 
50 
0 
0 
I 
0 
I 
5 
51 
0 
0 
I 
I 
0 
6 
52 
0 
0 
I 
I 
I 
7 
53 
0 
I 
0 
0 
0 
8 
54 
0 
I 
0 
0 
I 
9 


55 
0 
I 
0 
I 
0 
A 


56 
0 
I 
0 
I 
I 
B 


57 
0 
I 
I 
0 
0 
C 
5B 
0 
I 
I 
0 
I 
0 


59 
0 
I 
I 
I 
0 
E 
60 
0 
I 
I 
I 
I 
F 
61 
I 
0 
0 
0 
0 
62 
I 
0 
0 
0 
I 
G 
63 
I 
0 
0 
I 
0 
H 
64 
I 
0 
0 
I 
I 
I 
65 
I 
0 
I 
0 
0 
" 
66 
I 
0 
I 
0 
I 
L 
67 
I 
0 
I 
I 
0 
N 
68 
I 
0 
I 
I 
I 
0 
69 
I 
I 
0 
0 
0 
P 
70 
I 
I 
0 
0 
I 
R 


71 
I 
I 
0 
I 
0 
T 
72 
I 
I 
0 
I 
I 
U 


73 
I 
I 
I 
0 
0 
y 


74 
I 
I 
I 
0 
I 
75 
I 
I 
I 
I 
0 
/ 
76 
I 
I 
I 
I 
I 
"BLANK" 
77 
78 
; DIGIT 
SELECT: 


79 
07 
D6 
D5 
DIGIT 
NUMBER 
80 
0 
0 
0 
I 


81 
0 
0 
I 
2 
82 
0 
I 
0 
3 
83 
0 
I 
I 
4 
84 
I 
0 
0 
5 
85 
I 
0 
I 
6 
86 
I 
I 
0 
7 


87 
I 
I 
I 
8 
88 
i********.**** 
•• ******************************************************** 
89 SE"ECT 


0000 
0000 
0409 
0002 
00 


0003 
0436 


000' 
00 
0006 
00 


0007 
041D 


0009 
D' 
OooA 
BAOS 
OOOC BB3B 
OOOE 23FF 
0010 "0 
0011 
IB 
0012 
FB 


0013 
B20E 
001' 
BBOO 


0017 
23FI 


0019 
62 


OOIA 
" 
OOIB 
2' 
OOIC 
0' 


90 ; ••••••••• 
••• __••••••••••••••••••••••••••••••••••••• 
-.••••• 
••••••• 


91 
I 
EOUATES 
92 
,THE 
FOLLOWING 
CODE 
DESIGNATES 
"TIME" 
AS 
A 
IIARIABLE. 
THIS 
93 
,AD.NSTS 
THE 
AMOUNT 
OF 
CYCLES 
THE 
TIMER 
COUNTS 
BEFORE 
94 
I A 
TIMER 
INTERRUPT 
OCCURS 
AND 
REFRESHES 
THE 
DISPLAY. 
APPROXII'1ATE~V 
9' 
,'0 
l"IMES 
PER 
SECOND. 


96 
TIME 
EGU 
-OFH 
j TIMER 
IIALUE 
2: 'MSEC 
97 
J 
•••••••••••••••••••• 
_ 
••••••••••••••••••••••••• 
_ 
••••••••••••••••••••••••• 


9B 
INTERRUPT 
BRANCHING 
99 
j THIS 
PORTION 
OF 
MEMORY 
IS 
DEDICATED 
FOR 
USE 
OF 
RESET 
AND 
100 
'INTERRUPT 
BRANCHING. 
WHEN THE 
INTERRUPTS 
ARE 
ENABLED 
THE 
101 
,CODE 
AT 
THE 
FOLLOWING 
DESIGNATED 
SPOTS 
ARE 
EXECUTED 
WliEN 
A 


102 
,RESET 
OR 
A 
INTERRUPT 
OCCURS. 


103 
ORG' 
0 
104 
.JrlP 
START 
,RESET 


10' 
NOP 
106 
Vl'1P 
INPUT 
; IBF 
INTERRUPT 
107 
NOP 


lOB 
NOP 
109 
...IMP 
DISPLA 
I TIf1ER 
INTERRUPT 
110 
I ****•••••• ****•• *•• *••.•• **tf •• _**••• *•• ****••••• *•••.•• *t~.*.•******.* ••• ****. 
111 
J 
INITIALIZATION 
112 
I THE 
FOLLOWINQ 
CODE 
SETS 
UP 
THE 
UPI-41 
AND 
DISPLAY 
HARDWARE 


113 
,INTO 
OPERATIONAL 
FORMAT. 
THE 
DISPLAY 
IS 
TURNED 
OFF. 
THE 
DISPLAY 


114 
J MAP 
IS 
FILLED 
WITH 
"BLANK" 
CHARACTERS. 
THE 
TIMER 
SET 
AND 
THE 
11' 
J INTERRUPTS 
ARE 
ENABLED. 


116; 
117 
START: 
SEL 
RBI 


118 
ORL 
P.2, _OSH 
J TURN DHHT 
DRIVERS 
OFF 
119 
MOIl 
RO•• 
3BH 
j DISPLAY 
r1AP POINTER. 
BOTTOM· OF 
DISPLAY 
MAP 


120 BLKMAP: 
MOV 
A, _OFFH 
I FF."SLANK" 
121 
MOV 
C!RO,A 
J BLANK TO DISPLAY 
MAP 
122 
INC 
RO 
j INCREMENT 
DISPLAY 
MAP 
POINTER 
123 
MOV 
A, RO 
; DISPLAY 
MAP POINTER 
TO ACCUMULATOR 
124 
"'B~ 
BLKMAP 
I BLANK DISPLAY 
MAP TILL 
FILLED 


12' 
MOil 
R3 •• 
OOH 
j SET 
DIGIT 
COUNTER 
TO 
0 


126 
MOV 
A, _TIME 
; TIMER 
VALUe: 
127 
MOV 
T. A 
; LOAD TIMER 


12B 
STRT 
T 
,START 
TIMER 
129 
EN 
TeNT 
I 
; ENABLE 
TIMER 
INTERRUPT 
130 
EN 
I 
I ENABLE 
IBF 
INTERRUPT 


131 
1*********************************************************************.** 


132 
USER 
PROQRAM 
133 
J /It 
USERS 
PROQRAM WOULD INITIALIZE 
AT THIS 
POINT. 
THE FOLLOWING 


13~ 
i CODE 
IS 
UNO CONCLUDED WITH 


13~ 
; SYNC 
CHARACTERS 
COAAH). 
A CHECKSU,., BYTE 
IMMEDIATELY 
PRECEEDS 
THE 
136 
i FINAL 
SYNC. 
WHEN READINQ. 
THE CONTROLLE******************.*.*** 
•• **** 
•• ***** 


137 
.E.JECT 


0010 
0:) 
OOIE 
AF 
001F 
BAoe 
002! 
FB 
0022 
433B 
0024 
AS 
002~ 
FO 
0026 
39 
0027 
FB 
0028 
3A 
0029 
IB 
002A 
0307 
002C 
9630 
002E 
BBOO 
0030 
23F1 
0032 
62 
0033 
~~ 
0034 
FF 
003~ 
93 


138 
i~*.**.**.** ••• ****.*.*.****.*.*.*.***.*****.*.*.****.** 
•• **•• *••••••••• 


13'9' 
DISPLAY 
ROUTINE 
140 
; 
THIS 
PORTION 
OF 
THIS 
PROQRAM 
IS 
AN 
INTERRUPT 
ROUTINE 
WHICH 
IS 
141 
; ACTED 
UPON 
WHEN 
THE 
TIMER 
COUNT 
IS 
COMPLETED. 
THE 
ROUTINE 
UPDATES 
142 
; ONE 
DISPLAY 
DIGIT 
FROM 
THE 
DISPLAY 
MAP 
PER 
INTERRUPT 
SEQUENTIALLY. 
143 
; THUS 
EIGHT 
TIMER 
INTERRUPTS 
WILL 
HAVE 
REFRESHED 
THE 
ENTIRE 
DISPLAY. 
144 
; REGISTER 
DANK 
1 
IS 
SELECTED 
AND 
THE 
ACCUMULATOR 
IS 
SAVED 
UPON 
14~ 
I ENTERING 
THE 
ROUTINE. 
ONCE 
THE 
DISPLAY 
HAS 
BEEN 
REFRESHED 
THE 
TIMER 
146 
; IS 
RESET 
AND 
THE 
ACCUMULATOR 
AND 
PRE-INTERRUPT 
REGISTER 
BANK 
IS 
RESTORED. 


147 
148 
DISPLA: 
SEL 
RBI 
; REGISTER 
BANK 
1 
149 
MOV 
R7. 
A 
; SAVE 
ACCUMULATOR 
I~O 
ORl. 
P2. 
"OSH 
; TURN 
DIGIT 
DRIVERS 
OFF 
1~1 
MOV 
A. R3 
; DIGIT 
COUNTER 
TO 
ACCUMULATOR 
152 
ORL 
A. _3BH 
i "OR" 
TO 
GET 
DISPLAY 
MAP 
ADDRESS 
153 
MOV 
RO. A 
; DISPLAY 
MAP 
POINTER 
1~4 
MOV 
A. @RO 
i GET 
CHARACTER 
FROM 
DISPLAY 
MAP 
155 
OUTL 
PI. 
A 
i OUTPUT 
CHARACTER 
TO 
SEGMENT 
DRIVERS 
1~6 
MDV 
A. R3 
; DIGIT 
COUNTER 
VALUE 
TO 
ACCUMULATOR 


1~7 
OUTL 
P2. 
A 
I OUTPUT 
TO 
DIGIT 
DRIVERS 
158 
INC 
R3 
; INCREMENT 
DIGIT 
COUNTER 
1~9 
XRL 
A. "07H 
; CHECK 
IF 
AT 
LAST 
DIGIT 
160 
JNZ 
SETIME 
i RESET 
TIMER 
IN 
NOT 
LAST 
DIGIT 
161 
MOV 
R3. _OOH 
; RESET 
DIGIT 
COUNTER 
162 
SETINE: 
MOV 
A. "TIME 
; TIMER 
VALUE 
163 
MOV 
T. A 
; LOAD 
TIMER 
164 
STRT 
T 
; START 
TIMER 
165 
MDV 
A. R7 
; RESTORE 
ACCUMULATOR 
166 
RETR 
; RETURN 
167 
i •••••••••••••••• 
*••• **.* ••••••••• 
*********.*.**** 
•• *****.**.* 
••• *****. 
168 
.E,JECT 


0036 
05 
0037 
AF 


0038 
22 
0039 
AA 
Q03A 
47 
0038 
77 
003C 
5307 
003E 
4338 


0040 
AS 


0041 
FA 
0042 531F 
0044 
E3 


0045 
AA 
0046 
D37F 


0048 C604E 
004A 
FA 
0048 
AD 
004C 
04~1 


004E 
FA 
004F 
~O 
OO~O 
AQ 
0051 
FF 
0052 93 


********************** 
•••••••• *••• ***** •• **•••••••••••••••• 
**••••• **••• 
INPUT 
CHARACTER 
AND 
DIGIT 
ROUTINE 
THIS 
PORTION 
OF 
THE 
PROGRAM 
IS 
AN 
INTERRUPT 
ROUTINE 
WHICH 
IS 
ACTED 
UPON 
WHEN 
THE 
IBF 
BIT 
IS 
SET. 
THE 
ROUTINE 
GETS 
THE 
DISPLAY 
DATA 
WORD 
FROM 
THE 
DBB 
AND 
DEFINES 
BOTH 
THE 
DIGIT 
AND 
THE 
CHARACTER 
TO 
BE 
DISPLAYED, 
THIS 
IS 
DONE 
BY 
MEANS 
OF 
A 


CHARACTER 
LOOP-UP 
TABLE 
AND 
A 
DISPLAY 
MAP 
FOR 
DIGIT 
AND 
CHARACTER 
LOCATION. 
SPECIAL 
CONSIDERATION 
IS 
TAKEN 
FOR 
A 
DECIMAL 
POINT 
WHICH 
IS 


SIMPLY 
ADDED 
TO 
THE 
EXISTING 
CHARACTER 
IN 
THE 
DISPLAY 
MAP. 
REGISTER 
BANK 
1 
IS 
SELECTED 
AND 
THE 
ACCUMULATOR 
IS 
SAVED 
UPON 
ENTERING 
THE 
ROUTINE. 
ONCE 
THE 
DATA 
WORD 
HAS 
BEEN 
FULLY 
DEFINED 
THE 
ACCUMULATOR 
AND 
THE 
PRE-INTERRUPT 
REGISTER 
BANK 
IS 
RESTORED. 


NPUT: 
SEL 
MOV 
IN 
MOV 
SWAP 


RR 
ANL 
ORL 
MOV 
MOV 
ANL 
MOVP3 
MOV 


XRL 
JZ 
MOV 
MOV 
JMP 


DPOINT: 
MOV 
ANL 
MOV 


RETURN: 
MOV 
RETR 


RBI 
R7. 
A 
A.DBB 
R2. 
A 


A 


A 
A.I:07H 
A.1:38H 


RO. 
A 
A. R2 
A.I:IFH 
A. ~A 
R2. 
A 
A.1:7FH 


DPOINT 
A. R2 
C!RO. 
A 
RETURN 
A. R2 
A. (!RO 
@RO.A 
A.R7 


,REGISTER 
BANK 
I 


,SAVE 
ACCUMULATOR 


; GET 
DATA 


; SAVE 
DATA 
WORD 


j DEFINE 
DIGIT 
LOCATION 


i DIGIT 
LOCATION 
IN 
DIGIT 
POINTER 


; SAVED 
DATA 
WORD 
TO 
ACCUMULATOR 


j DEFINE 
CHARACTER 
LOOK-UP-TABLE 
LOC. 


j GET 
CHARACTER 


j SAVE 
CHARACTER 


i IS 
CHARACTER 
DECIMAL 
POINT 


i SAVED 
CHARACTER 
TO 
ACCUMULATOR 


; "AND" 
WITH 
OLD 
CHARACTER 


i BACK 
TO 
DISPLAY 
MAP 


i RESTORE 
ACCUMULATOR 


0300 
0300 
CO 
0301 
F9 
0302 
A4 
0303 
DO 
0304 
99 
030' 
92 
0306 
82 
0307 
Fe 
0308 
80 
0309 98 
030A 
88 
0308 83 
030C 
C6 
0300 
Al 
030E 
86 
030F 
BE 
0310 
7F 
0311 
C2 
0312 89 
0313 
FB 
0314 
EI 
031 ~ 
C7 
0316 
AB 
0317 
A3 
0318 
Be 
0319 
AF 
031A 
87 
0318 
Cl 
031C 
91 
0310 
OF 
031E 
FD 
031F 
FF 


300H 
OCOH 
OF-9H 


OA4H 
OBOH 
99H 
92H 
82H 
OF8H 
80H 
98H 
88H 
83H 
OCbH 
OAIH' 
86H 
8EH 
7FH 
OC2H 
89H 
OFBH 
OEIH 
OC7H 
OABH 
OA3H' 
8CH 
OAFH 
87H 
OCIH 
91H 
OBFH 
OFDH 
OFFH 


;***.***************************************************************** 
I 
LOOK-UP 
TABLE 


, 
THIS 
LOOK-UP 
TABLE 
ORIGINATES 
IN 
PAGE 
3 
OF 
THE 
UPI-41 
PROGRAM 


; MEMORY. 
IT 
IS 
USED 
TO 
DEFINE 
THE 
CORRECT 
LEVEL 
OF 
EACH. 
SEGMENT 


; AND 
DECIMAL 
POINT 
FOR 
A 
SELECTED 
CHARACTER 
FROM 
THE 
INPUT 
ROUTINE. 
.'t 


,INVERSE 
LOGIC 
IS 
USED 
BECAUSE 
OF 'THE 
'SPECIFIC 
DRIVER 
CIRCUITRY. 
THUS 


; A 
1 
ON 
A 
GIVEN 
SEGMENT 
MEANS 
IT 
IS 
OFF 
'AND 
A 
0 
MEANS 
IT 
IS 
ON. 


l*******SEGMENTS******** 
;DP 
G 
FED 
C 
B 
A 
,I 
I 
0 
0 
0 
0 
0 
0 
; 1 
1 
1 
1 
1 
0 
0 
1 
;1 
0 
1 
0 
0 
1 
0 
0 
,I 
0 
I 
I 
0 
0 
0 
0 
,I 
0 
0 
I 
I 
0 
0 
I 
;1 
0 
0 
1 
0 
0 
1 
0 
;1 
0 
0 
0 
0 
0 
1 
0 
; 1 
1 
1 
1 
1,0 
0 
0 
;1 
0000000 
;1 
0 
0 
1 
1 
0 
0 
0 
;) 
0 
0 
0 
1 
0 
0 
0 
;1 
0 
0 
0 
0 
0 
1 
1 
II 
1 
0 
0 
0 
1 
1 
0 
il 
0 
1 
0 
0 
0 
0 
1 
il 
0 
0 
0 
0 
1 
1 
0 


) 
i 1 
0 
0 
0 
1 
1 
1 
0 
,0 
I 
I 
1 
I 
I 
1 
I 
, 1 
I 
0 
0 
0 
O. 
1 
0 
,I 
0 
0 
0 
1 
0 
0 
1 
II 
1 
1 
1 
1 
0 
1 
1 
; 1 
1 
1 
0 
0 
0 
0 
1 
; 1 
1 
a 
a 
a 
1 
1 
1 
i 1 
a 
1 
a 
1 
0 
1 
1\ 


;l 
0100011 
i1 
0 
0 
0 
1 
1 
0 
a 
; 1 
0 
1 
0 
1 
1 
1 
1 
; 1 
0 
0 
0 
a 
1 
1 
1 
;1 
1 
0 
0 
0 
0 
0 
1 
;1 
0 
a 
1 
a 
a 
a 
1 
; 1 
a 
1 
1 
1 
1 
1 
1 
; 1 
1 
1 
1 
1 
1 
0 
1 
;1 
1 
1 
i 
1 
1 
1 
1 


USER 
SYMBOLS 
BLANK 
031F 
BLKMAP 
OOOE 
CHO 
0300 
CHI 
0301 
CH2 
0302 
CH3 
0303 
CH4 
0304 
CHS 
0305 


CH6 
0306 
CH7 
0307 
CH8 
0308 
CH9 
0309 
CHA 
030A 
CHAP OS 
031E 
CHB 
030B 
CHC 
030C 


CHD 
0300 
CHOASH 
0310 
CHOP 
0310 
CHE 
030E 
CHF 
030F 
CHQ 
0311 
CHH 
0312 
CHI 
0313 
CHJ 
0314 
CHL 
031~ 
CHN 
0316 
CHO 
0317 
CHP 
0318 
CHR 
0319 
CHT 
031A 
CHU 
03113 
CHY 
031C 
OISPLA 
0010 
OPOINT 
004£ 
INPUT 
0036 
RETURN 
0051 
SETIME 
0030 
START 
0009 
TIME 
FFF1 


ASSEMBLY 
COMPLETE. 
NO 
ERRORS 


CHO: 
CHI: 
CH2: 
CH3: 
CH4: 
CH': 
CH6: 
CH7: 
CH8: 
CH9: 


CHA: 
CHB: 


CHC: 
CHD: 
CHE: 
CHF: 
CHOP: 
CHG: 
CHH: 
CHI: 
CHJ: 
CHL: 
CHN: 
CHO: 
CHP: 
CHR: 
CHT: 
CHU- 


CHY: 
CHOASH: 
CHAPOS: 


BLANK: 


I SM0041A 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
i 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
** ••••••• 


14 
15 
,REGISTER 
DEFINITIONS, 


16 
REGISTER 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
; •••••••••• 
* ••••••••••••••••••••• 
***.**.** •••••••• *•••••••••• 
** ••••• ** •• 


28 
29 
;PORT 
PIN 
DEFINITIONS, 


30 
31 
i PIN 
32 
33 
,PO-7 
34 
I 


35 
36 
37 
38 
i ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


39 
40 
SE-JECT 


•• **** •••••••••••••••••••••••••••••••••••••• 
*. 
• 
UPI-41A 
SENSOR 
MATRIX 
CONTROLLER 
• 
.............................................. 


THIS 
PRDGRAM 
USES 
THE 
UPI-4IA 
AS 
A 
SENSOR 
MATRIX 
CONTROLLER. 


i IT 
HAS 
MONITORINQ 
CAPABILITIES 
OF 
UP 
TO 
128 
SENSORS. 
THE 
COORDINATE 
;AND 
SENSOR 
STATUS 
OF 
EACH 
DETECTED 
CHANGE 
IS 
AVAILABLE 
TO 
THE 
MASTER 


,MICROPROCESSOR 
IN 
A 
SINGLE 
BYTE. 
A 
40X8 
FIFO 
QUEUE 
IS 
PROVIDED 
FOR 


;DATA 
BUFFERING. 
BOTH 
HARDWARE 
OR 
POLLED 
INTERRUPT 
METHODS 
CAN 
BE 
USED 
;TO 
NOTIFY 
THE 
MASTER 
OF 
A 
DETECTED 
SENSOR 
CHANGE. 


MATRIX 
MAP 
POINTER 
FI FD 
POI NTER 
SCAN 
ROW 
SELECT 
COLUMN 
COUNTER 
FIFO-IN 
FIFO-OUT 
CHANGE 
WORD 


COMPARE 


USED 
USED 
USED 
USED 
USED 
USED 
USED 
USED 


PO-3 
P4 
P5 
P6-7 


ROW 
SELECT 
OUTPUTS 
FIFO 
NOT 
EMPTY 
INTERRUPT 
OBF 
INTERRUPT 
NOT 
USED 


OOOF 
0008 
002F 


DO 
01-3. 
04 
05-7 


OBF 
IBF, ,FO, Fl (NOT USED) 
FIFO NOT EMPTY 
USED 
DEFINED 
(NOT' USED) 


.THE 
FOLLOWING 
CODE 
DESIGNATES 
THREE 
VARIABLES; 
SCANTM,FIFOBA 


,AND 
FIFOTA 
SCANTM 
ADJUSTS 
THE 
LENGTH 
OF 
A 
DELAY 
BETWEEN 


,SCANNiNG SWITCH 
THIS SIMULATES DEBOUNCE FUNCTIONS 
FIFOBA 
,IS THE BOTTOM ADDRESS OF THE'FIFO 
FIFOTA 
IS THE TOP ADDRESS 


.OF 
THE 
FIFO 
THIS 
MAKES 
IT 
POSSIBLE 
TO 
HAVE 
A 
FIFO 
3 
TO 
40 


;BYTES 
IN 
LENGTH. 


SCANTM 
EQU 


FIFOBA 
EQU 
FIFOTA 
EQU 


;SCAN 
TIME 
ADJUST 


;FIFO 
BOTTOM 
ADDRESS 


;FIFO 
TOP 
ADDRESS 


0000 
0000 
B83F 


0002 
BAOF 


0004 
BC08 


0006 
BD2F 


0008 
B9FF 


OOOA 
2300 
OOOC 
90 
0000 
FA 


OOOE 
3A 
OOOF 
09 


0010 
AO 
0011 
FA 


0012 
C61B 


0014 
CB 


0015 
CA 


0016 
0400 


0018 
BAIO 
001A 
FA 


OOlB 
3A 


OOIC 
F~ 


•THE 
PROGRAM 
STARTS 
AT 
THE 
FOLLOWING 
CODE 
UPON 
RESET 
WITHIN 


.THIS 
INITIALIZATION 
SECTION 
THE 
REGISTERS 
THAT 
MAINTAIN 
THE 
MATRIX 


;MAP.FIFO 
AND 
ROW 
SCANNING 
ARE 
SET 
UP. 
PORT 
1 
IS 
SET 
HIGH 
FOR 
USE 
,AS 
AN 
INPUT 
PORT 
FOR 
THE 
COLUMN 
STATUS. 
BIT 
4 
OF 
STATUS 
REGISTER 
IS 
;WRITTEN 
TO 
CONVEY 
A 
FIFO 
EMPTY 
CONDITION. 
THE 
INITIAL 
COLUMN 
STATUS 


;OF 
ALL 
THE 
ROWS 
IN 
THE 
SENSOR 
MATRIX 
IS 
THEN 
READ 
INTO 
THE 
MATRIX 


;MAP. 
ONCE 
THE 
MATRIX 
MAP 
IS 
FILCED 
THE 
OBF 
INTERRUPT 
(PORT 
2-4) 
IS 


; ENABLED. 


ORG 
INITI1X: 
Mev 
MOV 
MOV 
MOV 


ORL 
MOV 
MOV 


FILU1X 
Mev 
DUlL 
IN 
MOV 
MOV 
JZ 


DEC 


DEC 
JMP 
OBFINT 
Mev 
MOV 
OUTL 
EN 


o 
RO ••3FH 
R2,.OFH 
R4,.FIFOBA 
R~,"FIFOTA 
Pl,.OFFH 
A •• OOH 
STS,A 
A.R2 
P2.A 
A. Pl 
@RO.A 
A,R2 
OBFtNT 


RO 
R2 
FILLMX 
R2 •• 
10H 
A.R2 
P2.A 
FLAGS 


iMATRIX 
MAP 
POINTER 
REGISTER. 
TOP 
ADDRESS 
iSCAN 
ROW 
SELECT 
REGISTER,TOP 
ROW 


iFIFO 
INPUT 
ADDRESS 
REGISTER. 
DOTTOM 
OF 
FIFO 


;FIFO 
OUTPUT 
ADDRESS 
REGISTER,'TOP 
OF 
FIFO 
; INITIALIZE 
PORT 
1 HIGH 
FOR 
INPUTS 


; INITIALIZE 
STATUS 
REGISTER. 
FIFO 
EMPTY 


;WRITE 
TO 
STATUS 
REGISTER, 
BITS 
4-7 


.SCAN 
ROW 
SELECT 
TO 
ACCUMULATOR 


;OUTPUT 
SCAN 
ROW 
SELECT 
TO 
PORT 
2 


; INPUT 
COLUMN 
STATUS 
PORT 
1 


•LOAD 
MATRIX 
MAP 
WITH 
COLUMN 
STATUS 
;CHECK 
SCAN 
ROW 
SELECT 
REGISTER 
VALUE 
FOR 
0 


; IF 
0 
ENABLE 
OBF 
INTERRUPT 


jDECREMENT 
TO 
NEXT 
MATRIX 
MAP 
ADDRESS 


jOECREI1ENT 
TO 
SCAN 
NEXT 
ROW 


;FILL 
NEXT 
MATRIX 
MAP 
ADDRESS 
iBIT 
4 
HIGH 
IN 
ROW 
SCAN 
SELECT 
REGISTER 
.ROW 
SCAN 
SELECT 
VALUE 
TO 
ACCUMULATOR 
; INITIALIZE 
PORT 
2. 
BIT 
4 
FOR 
"EN 
FLAGS" 


•ENABLE 
OBF 
INTERRUPT 
PORT 
2, 
BIT 
4 


0010 
FA 


COtE 
'30F 


0020 (626 
0022 
C8 


0023 
CA 


0024 
042C 


0026 
B83F 


0028 
FA 


0029 
430F 


0028 
AA 


002C 
FA 


0020 
3A 


002E 
BBOF 


0030 
EB30 


0032 
09 


0033 
20 


0034 
DO 
0035 
AF 


0036 (669 


'THE 
FOLLOWING 
CODE 
IS 
THE 
SCAN 
AND 
COMPARE 
SECTION 
OF 
THE 
PROGRAM. 
,UPON 
ENTERING 
THIS 
SECTION 
A 
CHECK 
IS 
MADE 
TO 
SEE 
IF 
THE 
ENTIRE 
MATRIX 


,HAS 
BEEN 
SCANNED. 
IF 
SO 
THE 
REGISTERS 
THAT 
MAINTAIN 
THE 
MATRIX 
MAP 
AND 
ROW 


,SCANNING 
ARE 
RESET 
TO 
THE 
BEGINNING 
OF 
THE 
SENSOR 
MATRIX. 
IF 
THE 
ENTIRE 


'MATRIX 
HASNT 
BEEN 
SCANNED 
THE 
REGISTERS 
INCREMENT 
TO 
SCAN 
THE 
NEXT 
ROW. 
,FROM 
THIS 
POINT 
ON 
THE 
ROW 
SCAN 
SELECT 
REGISTER 
IS 
USED 
FOR 
TWO 
FUNCTIONS. 


'BITS 
0-3 
FOR 
SCANNING 
AND 
BITS 
4 
AND 
~ 
FOR 
THE 
EXTERNAL 
INTERRUPTS. 
THUSLY 


,ALL 
USAGE 
OF 
THE 
REGISTERS 
IS 
DONE 
BY 
LOGICALLY 
MASKING 
IT 
SO 
AS 
TO 
ONLY 
'AFFECT 
THE 
FUNCTION 
DESIRED. 
ONCE 
THE 
REGISTERS 
ARE 
RESET. 
ONE 
ROW 
OF 
THE 


,SENSOR 
MATRIX 
IS 
SCANNED. 
A 
DELAY 
IS 
EXECUTED 
TO 
AD~UST 
FOR 
SCAN 
TIME 
, <DEnOUNCE) 
A 
BYTE 
OF 
COLUMN 
STATUS 
IS 
THEN 
READ 
INTO 
THE 
MATRIX 
MAP. 


'AT 
THE 
TIME 
THE 
NEW 
COLUMN 
STATUS 
IS 
COMPARED 
TO 
THE 
OLD. 
THE 
RESULT 
IS 


'STORED 
IN 
THE 
COMPARE 
REGISTER. 
THE 
PROGRAM 
IS 
THEN 
ROUTED 
ACCORDING 
TO 


,WHETHER 
OR 
NOT 
A 
CHANGE 
WAS 
DETECTED. 


AO.,JREG 
Mav 
ANL 
~z 
DEC 
DEC 
~MP 
RSETRG: 
MOV 
MOV 
ORL 
MOV 


SCANMX. 
MOV 
OUTL 
MOV 
DELAY2' 
D~NZ 
IN 
XCH 
XRL 
MOV 
~Z 


A.R2 
A .• OFH 
RSETRG 
RO 
R2 
SCANMX 
RO •• 3FH 
A.R2 
A .• OFH 
R2.A 
A.R2 
P2.A 
R3 .• SCANTM 
R3,DELAY2 
A.PI 
A.eRO 
A,@RO 
R7.A 
CHFFUL 


,SCAN 
ROW 
SELECT 
TO 
ACCUMULATOR 


iCHECK 
FOR 
0 
SCAN 
VALUE 
ONLY. NOT 
INTERRUPT 


, IF 
0 
RESET 
REGISTERS 
,DECREMENT 
MATRIX 
MAP 
POINTER 


'DECREMENT 
SCAN 
ROW 
SELECT 


,SCAN 
MATR IX 


,RESET 
MATRIX 
MAP 
POINTER 
REGISTER. 
TOP 
ADDRESS 


,SCAN 
ROW 
SELECT 
TO 
ACCUMULATOR 


,RESET 
SCAN 
ROW 
SELECT. 
NO 
INTERRUPT 
CHANGE 


,SCAN 
ROW 
SELECT 
REGISTER 


'SCAN 
ROW 
SELECT 
TO 
ACCUMULATOR 


,OUTPUT 
SCAN 
ROW 
SELECT 
TO 
PORT 
2 
,SET 
DELAY 
FOR 
OUTPUT 
SCAN 
TIME 


,DELAY 
, INPUT 
COLUMN 
STATUS 
FROM 
PORT 
I TO 
ACCUMULATOR 


STORE 
NEW 
COLUMN 
STATUS 
SAVE 
OLD 
IN 
ACCUMULATOR 


COMPARE 
OLD 
WITH 
NEW 
COLUMN 
STATUS 
SAVE 
COMPARE 
RESULT 
IN 
COMPARE 
REGISTER 


IF 
THE 
SAME, 
CHECK 
IF 
FIFO 
IS 
FULL 


0038 BB08 
003A 
CB 


003B FO 
003C 77 
0030 AD 
003E FF 
003F 77 
0040 AF 
0041 
F24~ 


0043 0469 
004~ FA 
0046 
~30F 


0048 E7 
0049 
E7 
004A E7 
0048 
4B 


Q04C 
AE 


0040 FO 
004E ~380 
OO~O 4E 
00~1 AE 


159. i***.** •••• *.**.* •••• *** •••• ******.**** ••* •• * ••••• 
*.* •••••••••••• 
**.** ••• 


160 
161 
162 
163 
;THE 
FOLLOWING 
CODE 
IS 
THE 
CHANGE 
WORD 
ENCODING 
SECTION. 
THIS 
164 
;SECTION 
IS 
ONLY 
EXECUTED 
IF 
A 
CHANGE 
WAS 
DETECTED 
THE 
COLUMN 
COUNTER 
16~ 
; IS 
SET 
AND 
DECREMENTED 
TO 
DESIGNATE 
EACH 
OF 
THE 
8 
COLUMNS. 
THE 
COMPARE 
166.;REGISTER 
15 LOOKED AT ONE BIT AT A TIME TO FIND THE EXACT LOCATION OF 
167 ;THE CHANGE<S>. 
WHEN A CHANGE 
IS FOUND 
IT IS ENCODED BY GIVING 
IT A 
168 ,COORDINATE FOR ITS LOCATION. 
THIS 
IS DONE BY COMBINING 
THE PRESENT VALUE 
169 
; IN 
THE 
ROW 
SCAN 
SELECT 
REGISTER 
AND 
THE 
COLUMN 
COUNTER. 
THE 
ACTUAL 
STATUS 


170 ,OF THAT SENSOR 
IS ESTABLISHED 
BY LOOKING AT THE CORRESPONDING 
BYTE IN 
171 
;THE 
MATRIX 
MAP. 
THIS 
STATUS 
IS 
COMBINED 
WITH 
THE 
COORDINATE 
TO 
ESTABLISH 
172 
iTHE 
CHANGE 
WORD. 
THE 
CHANGE 
WORD 
IS 
THEN 
STORED 
IN 
THE 
CHANGE 
WORD 
REGISTER 


173 
174 
In 
176 
177 
178 
179 
180 
181 
182 
183 
184 
18~ 
186 
187 
188 
189 
190 
191 
192 
193 
194 
19~ 
196 
197 
198 
199 


MOV 
RRLOOK: 
DEe 
MOV 
RR 
MOV 
MOV 
RR 
MOV 
,JB7 
,JMP 
ENCODE: 
MOV 
ANL 
RL 
RL 
RL 
ORL 


R3••08H 
R3 
A.l!RQ 


A 
f!RQ,A 
A,R7 


A 
R7.A 
ENCODE 
CHFFUL 
A.R2 
A."OFH 


A 


A 
A 
A, R3 


R6.A 
A.@RO 
A .• SOH 
A,R6 
R6.A 


,SET COLUMN COUNTER REGISTER 
TO 8 


;DECREMENT 
COLUMN 
COUNTER 


,COLUMN 
STATUS 
TO 
ACCUMULATOR 


,ROTATE 
COLUMN 
STATUS 
RIGHT 
,ROTATED 
COLUMN 
STATUS 
BACK 
TO 
MATRIX 
MAP 


;COMPARE 
REGISTER 
VALUE 
TO 
ACCUMULATOR 


,ROTATE 
COMPARE 
VALUE 
RIGHT 


,ROTATED COMPARE VALUE TO COMPARE REGISTER 
;TEST 
BIT 
7 
IF 
CHANGE 
DETECTED 
ENCODE 
CHANGE 
WORD 
; IF 
NO 
CHANGE 
IS 
DETECTED 
CHECK 
FOR 
FIFO 
FULL 


.SCAN ROW SELECT TO ACCUMULATOR 
OOOOXXXX 
iROTATE 
ONLY 
SCAN 
VALUE 


,ROTATE 
LEFT 
OOOXXXXO 
;ROTATE 
LEFT 
OQXXXXOO 
•ROTATE 
LEFT 
OXXXXOOO 


•ESTABLISH 
MATRIX 
COORDINANT 
OXXXXXXX 


i <OR).COLUMN 
COUNTER 
VALUE 
WITH 
ACCUMULATOR 


; SAVE 
COORDINANT 
IN 
CHANGE 
WORD 
REGISTER 
,COLUMN 
STATUS 
FROM 
MATRIX 
MAP 
TO 
ACCUMULATOR 


;0 
ALL 
BITS 
BUT 
BIT 
7 


; <OR) 
SENSOR 
STATUS 
WITH 
COORDINATE 
FOR 
COMPLETED 
CHANCE 
WORD 


;SAVE 
CHANGE 
WORD 
XX X XX X X X 


00~2 
FC 


0053 
A9 
OO~4 
FE 


00~5 
AI 
OO~6 2310 
OO~8 
'90 
0059 
8A20 


00:58 FA 
OO'C 4320 
005E 
AA 


OO:5F 232F 
0061 
DC 
0062 
eb67 


0064 
ie 


0065 
0469 


0067 
BC08 
0069 Fe 
006A 
DO 


006B 
9670 
0060 
8660 


OObF 
232F 


0071 
DO 


0072 
C677 
0074 
10 


0075 
0479 
0077 
BD08 


0079 
FO 


007A 
A9 


0078 Fl 
OOlC 
02 


0070 
FB 


007E 
963A 
0080 
2308 


•THE 
FOLLOWING 
CODE 
IS 
THE 
FIFO-DBBOUT 
MANAGEMENT 
SECTION 
OF 
THE 


;PROGRAM. 
THIS 
SECTION 
TAKES 
AN 
ENCODED 
CHANGE 
WORD 
AND 
LOADS 
IT 
INTO 


•THE FIFO. 
THE FIFO NOT EMPTY 
INTERRUPT 
15 THEN SET AND THE FIFO-IN 
;POINTER 
GETS 
UPDATED. 
A 
FIFO 
FULL 
CONDITION 
IS 
THEN 
CHECKED 
FOR 
AND 
; ROUTED 
ACCORDINGLY. 
IF 
BOTH 
THE 
FIFO 
AND 
OBF 
HAVE 
CHANGE 
WORDS 
THE 
; PROGRAM 
LOCKS 
UP 
UNTIL 
THIS 
HAS 
CHANGED. 
IF 
THE 
FIFO 
I5NT 
FULL 
COLUMN 
,caUNTER= 
0, 
FIFO 
EMPTY 
AND 
OBF 
CONDITIONS 
ARE 
CHECKED 
THE 
FIFO-OUT 
.POINTER 
IS 
SET 
AND 
oaBoUT 
IS 
LOADED 
IF 
THE 
FIFO 
ISNT 
EMPTY 
AND 
OBF 
ISNT 
;SET. 
IF 
THIS 
ISNT 
THE 
SITUATION, 
PROQRAM 
FLOW 
IS 
ROUTED 
BACK 
TO 
THE 
,THE 
SCAN 
AND 
COMPARE 
SECTION 
TO 
SCAN 
THE 
NEXT 
ROW. 


LOADFF: 
MOV 
MOV 
MOV 
MOV 
STATNE: 
MOV 
MOV 
INTRHI 
ORL 
MOV 
ORL 
MOV 
ADJFIN. 
MOV 
XRL 
JZ 
INC 
JMP 
RSFFIN 
MOV 


CHFFUL: 
MOV 
XRL 
JNZ 
CHOBFl 
JOI3F 
ADJFOT· 
MOV 
XRL 
JZ 
INC 
JMP 
RSFFOT· 
MOV 


LOADDI3 
MOV 
Mev 
MOV 
OUT 


CHCNTR· 
MOV 
JNZ 


CHFFEM: 
MOV 


A,R4 
R 1, 
A 
A,R6 


@Rl,A 
A •• l0H 
STS,A 
P2 ••20H 
A,R2 
A,'20H 
R2,A 
A,ttFIFQTA 
A,R4 
RSFFIN 
R4 
CHFFUL 
R4,.FIFOBA 
A,R4 
A,R' 
CHCNTR 
CHOBFl 
A,ttFIFOTA 


A,R~ 
RSFFDT 
R~ 
LOADDB 
R5 .••FIFOBA 
A,R' 
R 1, 
A 
A,@Rl 
DBB,A 
A, 
R3 
RRLOOK 
A,"FIFOI3A 


;FIFO 
INPUT 
ADDRESS 
TO 
ACCUMULATOR 


;FIFO 
POINTER 
USED 
FOR 
INPUT 


;CHANGE 
WORD 
TO 
ACCUMULATOR 


;LOAD 
FIFO 
AT 
FIFO 
INPUT 
ADDRESS 
;BIT 
4 
FOR 
FIFO 
NOT 
EMPTY 


;WRITE 
TO 
STATUS 
REGISTER, 
FIFO 
NOT 
EMPTY 
;FIFO 
NOT 
EMPTY 
INTERRUPT 
PORT 
2-5 
HIGH 
;ROW 
SCAN 
SELECT 
TO 
ACCUMULATOR 


;SAVE 
INTERRUPT, 
NO 
CHANGE 
TO 
SCAN 
VALUE 
;ROW 
SCAN 
SELECT 
REGISTER 


;FIFO 
TOP 
ADDRESS 
TO 
ACCUMULATOR 
;COMPARE 
WITH 
CURRENT 
FIFO 
INPUT 
ADDRESS 
; IF 
THE 
SAME 
RESET 
FIFO 
INPUT 
REGISTER 
;NEXT 
FIFO 
INPUT 
ADDRESS 
;CHECK 
FIFO 
FULL 


,RESET 
FIFO 
INPUT 
REGISTER,BOTTOM 
OF 
FIFO 
;FIFO 
INPUT 
ADDRESS 
TO 
ACCUMULATOR 
,COMPARE 
INPUT 
WITH 
OUTPUT 
FIFO 
ADDRESS 


; IF 
NOT 
SAME 
CHECK 
COLUMN 
COUNTER 
VALUE 
; IF 
OBF 
IS 
1 THEN 
CHECK 
OBF 


.FIFO 
TOP 
ADDRESS 
TO 
ACCUMULATOR 
;COMPARE 
TOP 
TO 
OUTPUT 
FIFO 
ADDRESS 
,IF 
THE 
SAME 
RESET 
FIFO 
OUTPUT 
REGISTER 
,NEXT 
FIFO 
OUTPUT 
ADDRESS 
,LOAD 
DB130UT 


,RESET 
FIFO 
OUTPUT 
ADDRESS 
TO 
BOTTOM 
OF 
FIFO 
,OUTPUT 
FIFO 
ADDRESS 
TO 
ACCUMULATOR 


.FIFO 
POINTER 
USED 
FOR 
OUTPUT 
;CHANGE 
WORD 
TO 
ACCUMULATOR 


•CHANGE 
WORD 
TO 
D13130UT 
,COLUMN 
COUNTER 
TO 
ACCUMULATOR 
, IF 
NOT 
0 
FINISH 
CHANGE 
WORD 
ENCODING 
,FIFO 
BOTTOM 
ADDRESS 
TO 
ACCUMULATOR 


0082 
DC 
0083 
CbBe 
0085 
FC 
0086 
07 
0087 
DO 
0088 
C691 
OOBA 
049C 
OOBe 
232F 


008E 
DD 
D08F 
969C 
0091 2300 
0093 
90 
0094 
9ADF 


0096 
FA 


0097 
'3DF 


0099 
AA 
OO'9A 0410 
009C 
861D 
009E 
046F 


252 
2'3 
254 
255 
2'6 
257 
2'8 
2~9 
ADJFEM" 


260 
261 
262 
STATMT: 


263 
264 
INTRLO: 


26' 
266 
267 
268 
269 
CHOBF2: 


270 
271 
272 


XRL 
JZ 
MOV 
DEC 
XRL 
JZ 
JMP 
MOV 
XRL 
JNZ 
MOll 
MOV 
ANL 
MOV 
ANL 
MOV 
JMP 
JOBF 
JMP 


A,R4 
ADJFEM 


A.R4 


A 


A. 
R~ 


STATMT 
CHOBF2 
A.IFIFQTA 


A. R5 
CHOSF2 
A.IOOH 
STS.A 
P2._00FH 
A,R2 
A,.ODFH 
R2.A 
AOJREG 
AOJREG 
ADJFQT 


,COMPARE 
FIFO 
INPUT 
ADDRESS 
WITH 
FIFO 
BOTTOM 
ACO 
. IF 
THE 
SAME. 
ADJUST 
TO 
CHECK 
FOR 
FIFO 
EMPTY 
,FIFO 
INPUT 
ADDRESS 
TO 
ACCUMULATOR 


.DECREMENT 
FIFO 
INPUT 
ADDRESS 
IN 
ACCUMULATOR 
,COMPARE 
INPUT 
TO 
OUTPUT 
FIFO 
ADDRESSES 
,IF 
SAME. WRITE 
STATUS 
REGISTER 
FOR 
FIFO 
EMPTY 
,CHECK 
OBF 


iFIFQ 
TOP 
ADDRESS 
TO 
ACCUMULATOR 


,COMPARE 
TOP 
TO 
OUTPUT 
FIFO 
ADDR£:SS 


; IF 
NOT 
SAME 
THEN 
FIFO 
IS 
NOT 
EMPTY. 
CHECK 
OaF 
,CLEAR 
BIT 
0 
FOR 
FIFO 
EMPTY 
;WRITE 
TO 
STATUS 
REGISTER 


;FIFO 
EMPTY, 
INTERRUPT 
PORT 
2-~ 
LOW 


;SCAN 
ROW 
SELECT 
TO 
ACCUMULATOR 


,SAVE 
INTERRUPT. 
NO 
CHANGE 
TO 
SCAN 
VALUE 
,SCAN 
ROW 
SELECT 
REGISTER 


.AO~UST 
REGISTERS 


, IF 
OBF~I 
THEN 
ADJUST 
REGISTERS 


;ADJUST 
FIFO 
OUT 
ADDRESS 
TO 
LOAD 
DBBOUT 


USER 
SYMBOLS 


AOJFEM 
008C 
AOJFlN 
OO,F 
ADJFOT 
006F 
ADJREG 
0010 
CHCNTR 
007D 
CHFFEM 
0080 
CHFFUL 
0069 
CHOBFI 
0060 
CHOBF2 
009C 
OELAY;1 
0030 
ENCODE 
004~ 
FIFOBA 
0008 
FIFOTA 
OO;1F 
FILLMX 
0000 
INITMX 
0000 
INTRHl 
00'9 
INTRLO 
0094 
LOADDB 
0079 
LOADFF 
00'2 
OBFINT 
0018 
RRLOOK 
003A 
RSETRG 
0026 
RSFFIN 
0067 
RSFFOT 
0077 
SCANMX 
002C 
SCANTM 
00 OF 
STATMT 
0091 
STATNE 
0056 
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COMPLETE. 
NO 
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The 
microcomputer 
system 
designer 
requiring 
a 
low-cost. non-volatile 
storage 
medium 
has a difficult 
choice. 
His 
options 
have 
been 
either 
relatively 


expensive. 
as with floppy discs and bubble memories. 


or non-transportable. 
like battery 
backed-up 
RAMs. 
The full-sized 
digital 
cassette 
option 
was open but 
many times it too was too expensive 
for the applica- 


tion. 
Filling 
this 
void of low-cost 
storage 
is the 
recently 
developed 
digital 
mini-cassette. 
These 
mini-cassettes 
are 
similar 
to. but 
not compatible 
with. 
dictation 
cassettes. 
The mini-cassette 
trans- 


ports are inexpensive 
(well under 
$100 in quantity). 


small 
(less than 
25 cu. in.). low-power 
(one watt). 


and 
their 
storage 
capacity 
is a respectable 
200K 


bytes of unformatted 
data on a 100-foot tape. These 


characteristics 
make 
the mini-cassette 
perfect 
for 


applications 
ranging 
from 
remote 
datalogging 
to 
program 
storage 
for hobbyist 
systems. 


The 
only 
problem 
associated 
with 
mini-cassette 
drives 
is controlling 
them. 
While these drives 
are 
relatively 
easy 
to interface 
to a microcomputer 


system. 
via a parallel 
I/O port. 
they can 
quickly 
overburden 
a CPU 
if other 
concurrent 
or critical 


real-time 
I/O is required. 
The cleanest 
and probably 


the least expensive 
solution in terms of development 
cost 
is to use a dedicated 
single-chip 
controller. 


However. 
a quick 
search 
through 
the 
literature 


turns 
up no controllers 
compatible 
with these new 


transports. 
What to do? Enter 
the UPI-41A 
family 


of Universal 
Peripheral 
Interfaces. 


The 
UPI-41A 
family 
is a 
group 
of 
two 
user- 
programmable 
slave microcomputers 
plus a com- 


panion 
I/O expander. 
The 8741A is the "flag-chip" 


of the line. 
It is a complete 
microcomputer 
with 


1024 bytes of EPROM 
program 
memory. 
64 bytes of 


RAM data memory. 
16 individually 
programmable 


I/O lines. an 8-bit event 
counter 
and timer. 
and a 


complete 
slave peripheral 
interface 
with two inter- 


rupts 
and 
Direct 
Memory 
Access 
(DMA) 
control. 


The 
8041A 
is the 
masked 
ROM. 
pin compatible 


version 
of the 
8741A. 
Figure 
2 shows 
a block 


diagram 
common 
to both parts. 
The 8243 I/O port 


expander 
com pletes the fam ily. Each 8243 provides 


16 programmable 
I/O lines. 


Using 
the UPI concept. 
the designer 
can develop 
a 


custom 
peripheral 
control 
processor 
for his par- 


ticular 
I/O problem. 
The designer 
simply 
develops 


his peripheral 
control algorithm 
using the UPI-41A 


assembly 
language 
and programs 
the EPROM 
of 


the 8741A. 
Voila! He has a single-chip 
dedicated 


controller. 
Testing 
may 
be accomplished 
using 


either 
an ICE-41A 
or the Single.-step 
mode of the 


8741A. 
tJPI-41A 
peripheral 
interfaces 
are 
being 
used to control printers. 
keyboards. 
displays. 
custom 


serial 
interfaces. 
and 
data 
encryption 
units. 
Of 


course. 
the UPI 
family 
is perfect 
for developing 
a 
dedicated 
controller 
for digital 
mini-cassette 
tran- 


sports. 
To illustrate 
this 
application 
for the UPI 
family 
let's 
consider 
the 
job 
of controlling 
the 
Braemar 
CM-600 Mini-Dek®; 


The Braemar 
CM-600 
is representative 
of digital 


mini-cassette 
transports. 
It is a single-head. 
single- 


motor 
transport 
which 
operates 
entirely 
from 
a 


single 5-volt power supply. 
Its power requirements. 
including 
the motor. 
are 200m a for read 
or write 


and 700ma 
for rewind. 
Tapes 
speeds 
are 3 inches 
per second 
(IPS) 
during 
read or write, 
5 IPS fast 
forward. 
and 15 IPS rewind. 
With these speeds and 


a maximum 
recording 
density 
of 800 bits per inch 


(BPI). 
the 
maximum 
data 
rate 
is 2400 
bits 
per 


second (BAUD). 
The data capacity 
using both sides 
of a 100-foot 
tape 
is 200K 
bytes. 
On top of this. 


the 
transport 
occupies 
only 
22.5 
cubic 
inches 


(3"x3"x2.5"). 


All I/O for the CM-600 is TTL-compatible 
and can 


be divided 
into three 
groups: 
motor 
control. 
data 


control. 
and cassette 
status. 
The motor 
group 
con- 


trols are GO/STOP, 
FAST/SLOW, 
and FORW ARD/ 


REVERSE. 
The data controls 
are READ/ 
WRITE. 


DATA 
IN. 
and 
DATA 
OUT. 
The 
remaining 


group of outputs 
give the transport's 
status: 
CLEAR 


LEADER. 
CASSETTE 
PRESENCE. 
FILE 
PRO- 


TECT. 
and SIDE 
SENSOR. 
These signals. 
shown 
schematically 
in figure 
3 and table 
1. give the pin 


definition 
of the CM-600 16-pin I/O connector. 


The CM-600 
does not provide 
either 
encoding 
or 


decoding 
of the recorded 
data: 
that 
task is left for 


the peripheral 
interface. 
A multitude 
of encoding 


techniques 
from 
which 
the user 
may 
choose 
are 


available. 
In this single-chip 
dedicated 
controller 


application. 
a "self-clocking" 
phase encoding 
scheme 


similar 
to that used in floppy discs was chosen. This 


scheme 
specifies 
that a logic "0" is a bit cell with no 


. transition: 
a cell with 
a transition 
is a logic "1." 


ADDI 


Pin 
I/O 
Function 
1 
- 
Index pin-not 
used 


2 
- 
Signal ground 
3 
0 
Cassette side (O-side B. I-side 
A) 
4 
I 
Data input (O-space. 
I-mark) 


5 
0 
Cassette presence (O-cassette. 
I-no 


cassette) 
6 
I 
Read/Write (O-read. 
I-write) 
7 
0 
File protect (O-tab 
present. I-tab 
removed) 
8 
- 
+5v motor power 


9 
- 
Power ground 


10 
- 
Chassis ground 
11 
I 
Direction (O-forward, 
I-rewind) 
12 
I 
Speed (O-fast. 
I-slow) 


13 
0 
Data output (O-space. 
I-mark) 


14 
0 
Clear leader (O-clear 
leader. I-off 


clear leader) 


15 
I 
Motion (O-go. I-stop) 
16 
- 
+5v logic power 


. 5VMOTORPOWER---+- 


SV lOGIC 
POWER 
•. 


TAPE DIRECTION 
(I we 
REW)... 
BRAE 
MAR 
TAPE 
MOTION 
(STOP/GO)~ 
CM.600'¥ 


TAPE SPEED (FAST/SLOW)---+- 
DIGITAL 


~~~~CI~:C~O/WRITE----: 
MINI CASSETTE 


POWER 
GROUND 
TRANSPORT 


SIGNAL 
GROUND 


CHASSIS 
GROUND 


CASSETTE 
SIDE 
FilE 
PROTECT 
CASSETTE 
PRESENCE 


CLEAR 
lEADER 
DATA 
OUTPUT 


Figure 
4 illustrates 
the encoding 
of the character 


3AH assuming 
the previous 
data 
ended 
with 
the 
data 
line 
high. 
(Th~ least 
significant 
bit 
is sent 


first.) 
Notice 
that 
there 
is always 
a "clocking" 
transition 
at the beginning 
of each ceIL Decoding 
is 
simply 
a matter 
of triggering 
on this 
"clocking" 
transition. 
waiting 
3/4 
of a 
bit 
cell 
time, 
and 


determining 
whether 
a mid-cell 
transition 
has 
occurred, 
Cells with no mid~cell transitions 
are data 


O's:cells with transitions 
are data l's. This encoding 
technique 
has all the benefits 
of Manchester 
encod- 
ing with the added advantage 
that the encoded data 
may be "decoded 
by eyeball:" 
long cells are always 
O's. short 
cells are always 
1's. 


Besides the encoding 
scheme. the data format 
is also 
up to the user. This controller 
uses a variable 
byte 
length, 
checksum 
protected 
block 
format. 
Every 
block 
starts 
and 
ends 
with 
a SYNC 
character 


Figure 4. 1III0dified Phase Encoding 
of 
Character 
3A Hex 


(AAH). and the character 
immediately 
preceeding 


the last SYNC 
is the checksum. 
The checksum 
is 


capable 
of catching 
2 bit errors. 
The number 
of data 


characters 
within 
a block is limited 
to 64K bytes. 


Blocks are separated 
by an Inter-Record 
Gap (IRG). 


The IRG is of such a length 
that 
the transport 
can 
stop and start 
within 
an IRG. as illustrated 
in the 


data 
block 
timing. 
figure 
5. Braemar 
specifies 
a 


maximum 
start 
or stop 
time 
of 150ms 
for 
the 


transport, 
thus 
the controller 
uses 450ms 
for the 


IRG. This gives plenty of margin 
for controlling 
the 


transport 
and also for detecting 
IRGs while skipping 


blocks. 


The goal of the UPI software 
design for th is appl ica- 


tion was to make the UPI-41A 
microcomputer 
into 


an intelligent 
cassette 
control 
processor. 
The host 
processor 
(8086. 8088, 8085A. etc.) simply 
issues a 


high-level 
command 
such 
as 
READ-a-block 
or 


WRITE-a-block. 
The 8741A accepts 
the command, 
performs 
the requested 
operation. 
and 
returns 
to 


the host system 
a result 
code telling 
the outcome 
of 


the operation, 
ego Good-Completion, 
Sync 
Error. 
etc. Table 
2 shows 
the command 
and 
result 
code 


repertoire. 
,The 8741A completely 
manages 
all the 


data transfers 
for l'eading 
and writing. 


As an example, 
consider 
the WRITE-a-block 
com- 
mand. 
When this command 
is issued, the UPI-41A 
expects 
a 16-bit number 
from the host telling 
how 


many 
data 
bytes 
to write 
(up 
to 64K 
bytes 
per 


block). Once this number 
is supplied 
in the form of 
two bytes. the host is free to perform 
other 
tasks: a 


bit in the UPI's 
STATUS 
register 
or an interrupt 


output 
will notify the host when a data 
transfer 
is 
required. 
The 8741A 
then 
checks 
the transpOl't's 
status 
to be sure that a cassette 
is present 
and not 


file protected. 
If either 
is false, 
'a result 
code 
is 


o CHECKSUM 8 
~ 


~450MS 
1 
~450MS~1 


'START 
TRANSPORT 
'STOP 
TRANSPORT 


Command 
Result 
Read (OlH) 
Good-Completion (OOH) 
Buffer Overrun Error (41H) 
Bad Synchl Error (42H) 
Bad Synch2 Error (43H) 
Checksum Error (44H) 
Command Error (45H) 
End of Tape Error (46H) 


Rewind (04H) 
Good-Completion (OOH) 
Skip (03H) 
Good-Completion (OOH) 
End of Tape Error (47H) 
Beginning of Tape Error (48H) 
Write (02H) 
Good-Completion (OOH) 
Buffer Underrun 
Error (81H) 
Command Error (82H) 
End of Tape Error (83H) 


returned 
to the 
host; 
otherwise 
the 
transport 
is 
started. 
After 
the peripheral 
controller 
checks 
to 
make 
sure that 
the tape 
is off the clear leader 
and 


past the hole in the tape, 
it writes 
a 450ms IRG, a 


SYNC character, 
the block of data, 
the checksum,. 
and the final SYNC character. 
(The tape has a clear 
leader 
at both ends and a small hole 6 inches from 
the end of each leader.) 
The data transfers 
from the 
host to the UPI-41A 
slave microcomputer 
are double 


buffered. 
The controller 
requests 
only the desired 


number 
of data bytes by keeping 
track 
of the count 
internally. 


If nothing 
unusual 
happened. 
such as finding 
clear 
leader 
while writing. 
it returns 
a Good-Completion 


result 
code to the host. If clear 
leader 
was encoun- 


tered. 
the transport 
is stopped 
immediately 
and an 


End-of-Tape 
result 
code 
is returned 
to the 
host. 


Another 
possible 
error 
would be if the host is late in 


supplying 
data. 
If this occurs, the controller 
writes 


an IRG, stops the drive, and returns 
the appropriate 


Data-Underrun 
result 
code. 


The READ-a-block 
command 
also provides 
error 


checking. 
Once this command 
is issued by the host. 


the 
controller 
checks 
for 
cassette 
presence. 
If 


present, 
it starts 
the 
transport. 
The 
data 
output 


from. the transport 
is then examined 
and decoded 


continuously. 
If the first character 
is not a SYNC. 


that's 
an error 
and 
the controller 
returns 
a Bad- 


First-SYNC 
result 
code (42H) after 
advancing 
to 


the next IRG. If the SYNC 
is good. the succeeding 


characters 
are 
read 
into an on-chip 
30 character 
circular 
buffer. 
This 
continues 
until 
an 
IRG 
is 


encountered. 
When 
this 
occurs. 
the 
transport 
is 


stopped. 
The 
controller 
then 
tests 
that 
the 
last 


character. 
If it is a SYNC. 
the 
controller 
then 


compares 
the accumulated 
internal 
checksum 
to 


the block'schecksum. 
the second to the last character 


of the 
block. 
If they 
match. 
a Good-Completion 


result 
code (DOH) is returned 
to the host. If either 


test 
is bad. 
the appropriate 
error 
result 
code 
is 


returned. 
The READ 
command 
also checks for the 


End-of-Tape 
(EOT) 
clear 
leader 
and 
returns 
the 


appropriate 
error 
result code if it is found before the 


read operation 
is complete. 


The 30 character 
circular 
buffer 
allows the host up 


to 30 character 
times 
of response 
time 
before 
the 


host must collect 
the data. 
All data 
transfers 
take 


place 
thru 
the UPI-41A 
Data 
Bu;; Buffer 
Output 


register 
(DB BOUT). 
The 
controller 
continually 


monitors 
the 
status 
of this 
register 
and 
moves 


characters 
from the circular 
buffer 
to the register 


whenever 
it is empty. 


The SKIP-n-blocks 
command 
allows the host to skip 


the 
transport 
forward 
or 
backward 
up 
to 
127 


blocks. Once the command 
is issued. 
the controller 


expects 
one data 
byte 
specifying 
the 
number 
of 


blocks to skip. The most significant bit of this byte 
selects 
the direction 
of the skip (O=forward. 
l=reverse). SKIP is a dual-speed operation in the 
forward direction. If the number of blocks to skip is 
greater than 8. the controller uses fast-forward (5 
IPS) until 
it is within 8 blocks of the desired 
location. 
Once within 
8 blocks. the controller 


switches to the normal read speed (3 IPS) to allow 
accurate 
placement of the tape. The reverse skip 
uses only the rewind speed (15 IPS). Like the READ· 
and WRITE commands. SKIP also checks for EOT 
and beginning-of-tape 
(BOT) depending upon the 
tape's direction. An error result code is returned if 
either is encountered before the number of blocks 
skipped is complete. 


The REWIND command simply rewinds the tape to 
the BOT clear leader. The ABORT command allows 
the termination ofany operation in progress. except 
a REWIND. 
All commands. 
including 
ABORT. 


always leave the tape positioned on an IRG. 


There's hardly any hardware design effort required 
for the controller and transport 
interface in figure 
6. Since the CM-600 is TTL compatible. it connects 


TEST1 


Pl. 
P" 


00-07 
P12 
PI3 
P" 


OBF 
PIS 


P" 
P" 


IllF 
P2S 


RESET 


directly to the I/O ports of the UPI controller. If the 
two are separated (i.e. on different PC cards). it is 
recommended that TTL buffers be provided.) The 
only external circuitry needed is an LED driver for 
the DRIVE ACTIVE status indicator. 


The 8741A-to-host interface is equally straightfor- 
ward. It has a standard 
asynchronous peripheral 
interface: 8 data lines (Do-D7). read (RD). write 
(WR). register 
select (AO). and chip select (CS). 


Thus it connects directly to an 8086. 8088. 8085A. 
8080. or 8048 bus structure. Two interrupt outputs 
are provided 
for data 
transfer 
requests 
if the 


particular system is interrupt-driven. 
DMA transfer 


capability is also available. The clock input can be 
driven from a crystal directly or with the system 
clock (6MHz max). The UPI-41A clock may be 
asynchronous with respect to other clocks within 
the system. 


This application was developed on an Intel iSBC 
80/30 single board computer. The iSBC 80/30 is 
controlled by an 8085A microprocessor. 
contains 


16K by~es of dual-ported dynamic RAM and up to 
8K bytes ofeither EPROM or ROM. Its I/O comple- 
ment consists of an 8255A Programmable 
Parallel 


Interface. 
an 8251A Programmable 
Communica- 


DIRECTION 
MOTION 
SPEED 
READ/WRITE 
CLEAR 
LEADER 
FilE PROTECT 
PRESENCE 


tions 
Interface. 
an 8253 
Programmable 
Interval 


Timer. 
and 
an 
8259A 
Programmable 
Interrupt 


Controller. 
The iSBC 80/30 is especially 
convenient 


for UPI 
development 
since 
it contains 
an uncom- 


mitted 
socket 
dedicated 
to either 
an 
8041A 
or 


8741A. 
complete 
with 
buffering 
for its I/O ports. 
The iSBC 80/30· to 8741A 
interface 
is reflected 
in 


figure 8. (Optionally. 
an iSBC 569 Digital Controller 


board 
could be used. The iSBC 569 board 
contains 
three 
uncommitted 
UPI sockets 
with an interface 
similar 
to that in figure 
8.) 


Looking at the host-to-controller 
interface. 
the host 


sees the 8741A as three 
registers 
in the host's I/O 


address 
space: 
the 
data 
register. 
the 
command 


register. 
and the status 
register. 
The decoding 
of 


these 
registers 
is shown 
in figure 
7. All data 
and 


commands 
for the controller 
are written 
into the 
Data Bus Buffer 
Input register 
(DBBIN). 
The state 
of the register 
select input. AO. determines 
whether 


a command 
or data 
is written. 
(Writes 
with AO set 


to 1 are 
commands 
by convention.) 
All data 
and 


results 
from the controller 
are read by the host from 


the Data Bus Buffer 
Output 
register 
(DBBOUT). 


CS AD WR 
AO Register 


a 
0 
I 
0 
DBBOUT 
o 
0 
I 
I 
STATUS 
o 
I 
0 
0 
DBBIN (DATA) 
o 
I 
0 
I 
DBBIN (COMMAND) 


I 
X 
X 
X 
NONE 


Figure 7. 8741A/8041A 
Interface 
Register 


Decoding 


oaF-OUTPUT 
BUFFER FULL 
'SF-INPUT 
BUFFER FUll 
FO-FlAG 
0 


Fl-FLAG 
1 
DR!VE 
ACTIVE 


FilE 
PROTECT 


CASSETTE 
PRESENCE 
BUSY 


The Status 
register 
contains 
flags 
which 
give the 


host the status 
of various 
operations 
within 
the con- 


troller. 
Its format 
is given 
in figure 
8, The Input 


Buffer 
Full 
(IBF) 
and Output 
Buffer 
Full 
(OBF) 


flags show the Status 
of the DBBIN 
and DBBOUT 


registers 
respectively. 
IBF 
indicates 
when 
the 


DBBIN 
register 
contains 
data written 
by the host. 


The host may write 
to DBBIN 
only when IBF is O. 


Likewise. 
the host may read 
DBBOUT 
only when 


OBF 
is set to a 1. These bits are handled 
automa- 


tically by the UPI-41A 
internal 
hardware. 
FLAG 0 


(Po) and 
FLAG 
1 (F \) are general 
purpose 
flags 


used 
internally 
by the 
controller 
which 
have 
no 


meaning 
externally. 


The remaining 
four bits are user-definable. 
For this 


application 
they are DRIVE 
ACTIVE. 
FILE 
PRO- 


TECT. CASSETTE 
PRESENCE. 
and BUSY flags. 


The FILE PROTECT 
and CASSETTE 
PRESENCE 


flags reflect 
the state of the corresponding 
I/O lines 


from the transport. 
DRIVE ACTIVE 
is set whenever 
the 
transport 
motor 
is on and 
the 
controller 
is 
performing 
an operation. 
The BUSY flag indicates 
whether 
the contents 
of the DBBOUT 
register 
is 


dataor 
a result code. The BUSY flag is set whenever 


a command 
is issued by the host and accepted 
by the 
controller. 
As long as BUSY 
is set. any character 


found in DBBOUT 
is a result 
code. Thus whenever 


the host finds OBF set. it should test the BUSY flag 
to determine 
whether 
the character 
is data 
or a 


result 
code. 


Notice the OBF and IBF are available 
as interrupt 


outputs 
to the host processor. 
figure 6. These outputs 


are self-clearing. 
that 
is. OBF is set automatically 


upon the controller 
loading 
DB BOUT and cleared 


automatically 
by the host reading 
DBBOUT. 
Like- 


wise IBF 
is cleared 
to a 0 by the host writing 
into 


DBBIN: 
set to a 1 when the controller 
reads DB BIN 


into the accumulator. 


The flow charts 
of figure 
9 show the flow of sample 


host software 
assum ing a poll ing software 
interface 


between 
the host and the controller. 
The WRITE 


command 
requires 
two additional 
count bytes which 


form 
the 16-bit byte count. 
These 
extra 
bytes are 
"handshaked" 
into the controller 
using the IBF flag 


in the 
STATUS 
register. 
Once 
these 
bytes 
are 
written. 
the host writes 
data 
in response 
to IBF 


being 
cleared. 
This continues 
until 
the host finds 


OBF set indicating 
that 
the operation 
is complete 


and 
reads 
the 
result 
code 
from 
DBBOUT. 
No 


testing 
of BUSY is needed since only the result code 


appears 
in the DBBOUT 
register. 


The READ 
command 
does require 
that 
BUSY 
be 


Figure 8. Status Register 
Bit Definition 
tested. Once the READ command 
is written 
into the 


controller. 
the host must test BUSY whenever 
OBF 


is set to determine 
whether 
the contents of DBBOUT 


is data from the tape or the result 
code. 


The SKIP 
command 
requires 
the skip count 
byte. 


This byte is written 
into DB BIN after IBF has been 


cleared 
following 
the command. 
The host then waits 
until OBF is set indicating 
the operation 
is complete 
and 
the result 
code is waiting 
in DBBOUT. 
The 
REWIND 
and 
ABORT 
commands 
only 
require 
that 
the host test OBF. Once set, the result 
code is 
ready 
in DBBOUT. 


The flow charts 
for an interrupt-driven 
system 
are 


simplified 
since notestingofOBF 
or IBF is required. 


The mere 
fact that 
an interrupt 
occurred 
implies 


that the corresponding 
bit in the STATUS 
REGIS- 


TER 
is set or cleared. 


The 
internal 
UPI-41A 
software 
can 
be divided 


roughly 
into the various 
commands. 
(This software 


is discussed 
as flow charts. 
The actual 
program 


listing 
is included 
in Appendix 
A.) A command 


recognizer 
simply waits for a command 
input by the 
host and then branches 
to the appropriate 
command 
routine. 
The command 
routine 
executes 
until 
the 
entire 
operation 
is complete 
and 
then 
branches 
back 
to the command 
recognizer. 
Since 
only one 
command 
routine 
is executing 
at anyone 
time, the 
working 
registers 
change function based upon which 


command 
is active. 
Figure 
10 shows the register 


function 
and identifying 
name for each command, 
Notice 
that 
while 
most registers 
have completely 
different 
meanings 
depending 
upon the command, 


some registers 
retain 
their 
meaning 
over all com- 


mands. 
AII registers 
were assigned 
names based on 


their function 
to aid programming 
and to make the 
listing 
easier 
to read. 


The 
READ 
and 
WRITE 
commands 
utilize 
the 
internal 
timer 
and event counter 
for all bit timing. 
This timer 
provides 
an internal 
interrupt 
on over- 
flow, Thus 
these 
commands 
can be thought 
of as 
containing 
both foreground 
and background 
(inter- 


ruptservice 
routine) tasks, These tasks communicate 
via general 
purpose 
registers 
assigned 
the function 


of internal 
status 
registers: 
WST AT and 
RST AT 


for the WRITE 
and READ commands 
respectively. 
The bi t defi n ition for these internal 
status 
registers 
is shown in figure 
11. We will refer to these bits as 
the command 
routines 
are discussed. 
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POINTER 
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READY 
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R2 
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R3 
CHKSUM 
CHECKSUM 
ACCUMULATOR 


R4 
BLKCNT 
BLOCK 
COUNTER 
FOR 
SKIP 


AS 
BlKTIM 
COUNTER 
TO TIME 
IRG DURING 
SKIP 


R6 
BlKSAV 
BACKUP 
FOR BLKTIM 


R7 
STAT 
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OF UPPER 4·BITS 
OF STATUS 


• 
REGISTER 
BANK 1 


RO lBIN 
R1 
IRGCNT 
R2 
RESULT 
R3 
RSTAT 
R4 
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DESERl 
R6 
RDATA 


R7 
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Figure 
10B. Register 
Definition 
for READ, 


SKIP, and REWIND 


RDYFlG-DATA 
READY 
FLAG 


SNBFlG-SYNC 
NEXT BYTE FLAG 
SRTFlG-START 
FLAG 


IRGFLG-IRG 
FOUND 
FLAG 


NOT USED 
EOTFLG-EOT 
FLAG 


BOTFLG-BOT 
FLAG 
WRFLG-READ/WRITE 
FLAG 


CKSFlG-CHECKSUM 
flAG 
SYNFlG-SVNC 
FLAG 


WROFlG-WRITE 
DONE 
FLAG 


NOT USED 
EOTFlG-EOT 
FLAG 


BOTFlG-BOT 
flAG 


WRFLG-READ/WRITE 
flAG 


Figure 
11. READ 
and WRITE 
Internal 
Status 


Register 
Bit Definitions 


Now let's look at the write routine that does all the 
work: the write timer interrupt 
service routine. 


When the timer interrupt occurs half a bit-cell time 
later, an automatic 
vector to thg INT routine is 


performed (location 07H in program memory). INT 
test WRFLG to see whether it's a read or write 
operation in progress and branches 
accordingly. 
Since we are talking about a write operation, the 
branch is to the WIUNT routine, figure 13.WRINT 
first reloads the timer to provide the timing for the 
next half cell (the timer continues to run). The Fo is 
used to define whether this particular 
interrupt 
is 


for the first or the second half of the bit cell. The 
phase encoding algorithm 
used specifies that the 


beginning of a bit must always have a transition. If 


Figure 12. WRITE Command Flow Chart 
F0 is reset, the data output to the transport is simply 


Let's look at the WRITE command routine first, 
figure 12. As was mentioned earlier, the WRITE 
requires two additional data bytes before it can be 
processed. Once the command recognizer branches 
to the WRITE routine, the routine waits on IBF 
until these bytes are written 
by the host. These 


count bytes are stored in the CNTLSB and CNTMSB 
(Count Least and Most Significant Byte) registers. 
These two registers are concatenated to form the 
16-bit byte count. At this point, the routine tests the 


transport 
status lines, CASSETTE 
PRESENCE 


and FILE PROTECT. If there is nocassette present 
or the tape is write protected, 
the routine exits 


immediately 
after 
resetting 
BUSY and loading 


DBBOUT with the appropriate 
error result code 


Assuming the transport status is correct, the other 
registers required by the routine are initialized: the 
bit counting 
register 
(BITCNT) is set to 8; the 


checksum accumulator (CHKSUM) is cleared; the 
data holding register (SERIAL) is loaded with the 
first SYNC character. The internal timer counter is 
then 
loaded with a value which will cause an 


internal 
timer interrupt 
in one half of a bit-eell 


time, but not activated. 


Next, the EOT flag in WSTAT is examined to see if 
we are trying to write while at the end of the tape. 
(EOTFLG is set to 1if EOT was encountered during 
the last operation.) If an error occurred, the routine 
exits after resetting BUSY and loading DBBOUT 
with the EOT-while-write 
result error code (83H) 


via the result storage register, RESULT. Assuming 
EOTFLG is not set, the DRIVE ACTIVE flag in the 
Status register is set and the transport 
is started. 


The BOT flag (BOTFLG) in WSTAT is then tested 
to see if we are at the beginning of the tape.) If 
BOTFLG is 0, the routine writes a 450ms IRG using 
a software delay loop. If BOTFLG is I, the routine 
waits until the clear leader and hole in the tape are 
passed before starting 
the IRG. WSTAT is then 


loaded with 80H. Thisresets EOTFLG and BOTFLG 
and sets the write and read flag, WRFLG. WRFLG 
tells the interrupt routines that a write operation is 
active. As we shall see, the interrupt 
routine tells 


the foreground 
t~k 
that the write operation 
is 


complete by resetting 
WRFLG. At this point the 


routine starts the timer and enters a looprontinually 
testing WRFLG. IfWRFLG is I, the routine simply 
loops. 


complemented providing the transition. If set, the 
interrupt is at the mid-cell position. If the data bit is 
a I, complement the data output; otherwise, do not 
change it. F0 is complemented every interrupt. 


The CLEAR LEADER input from the transport is 
also tested on every interrupt.lfit 
was encountered, 
the transport is stopped, the EOTFLG in WSTAT is 
set, WRFLG is reset, and RESULT is loaded with 
the EOT-while-write 
error 
result 
code (83H). 
WRINT returns to the main write loop. 


The data contained 
in the SERIAL 
register 
is 


shifted out bit-by-bit at every other timer interrupt 
(those interupts with F0set to a 1)until the BITCNT 
register indicates that all 8 bits have been shifted 
out. When this occurs, a I6-bit l:lecrement operation 
on the CNTMSB and CNTLSB registers 
is per- 


formed.1f the result is non-zero, the routine transfers 
the next data byte from DBBIN to SERIAL. If the 
host is late in geting the next byte into DBBIN, a 
Write-Underrun 
error (8IH) occurs. Like the other 


error conditions, WRFLG in WSTAT is reset and 


the Write-Underrun 
error 
result code is loaded into 


the result holding register, 
RESULT, 
before return- 
ing to the main 
write 
loop. If the data 
is ready 
in 


DBBIN, 
it is transferred 
to SERIAL 
and added 
to 


the accumulating 
checksum. 
The routine 
then re- 
turns to the write main foreground 
task. (Remember 


that the foreground 
task is doing nothing 
more than 


testing 
WRFLG.) 


If the decrement 
result 
is zero, all data transfers 
are 


complete. 
The 
accumulated 
checksum 
value 
is 
loaded into Serial and the Checksum 
flag, CKSFLG, 
is set 
in 
WSTAT 
before 
exiting 
the 
interrupt 
routine. 
This 
causes 
the 
checksum 
value 
to be 


written 
onto the tape. Sixteen timer interrupts 
later 


the checksum 
is complete; 
it is now time to write the 


final SYNC. CKSFLG 
is reset, a SYNC character 
is 
loaded into SERIAL, 
and the SYNC flag(SYNFLG), 


is set in WSTAT. 
Sixteen 
more 
timer 
interrupts 


later 
the SYNC is written 
to the tape and the block 


is almost 
finished. 
One more interrupt 
is needed 
to 


finish the last bit. The write done flag (WRDFLG) 
is 
set to indicate 
that this is the last interrupt 
for this 


block. WRDFLG 
is detected 
as being set to a 1 on the 


next interrupt 
and the transport 
is stopped. WRFLG 


in WSTAT 
is reset and the Good-Completion 
result 


code is loaded 
into the RESULT 
register 
before 
exiting 
to the foreground 
task. 


All this occurs 
while the foreground 
task is testing 
WRFLG. 
When WRFLG 
is cleared, 
the foreground 


task "knows" 
that the background 
task is finished; 
BUSY is reset and the result code stored in RESULT 
is loaded into DBBOUT. 
The program 
then returns 


to the command 
recognizer. 


In the case of the read 
command, 
figure 
14, the 
RST AT register 
provides 
the communication 
be- 


tween 
the foreground 
and background 
tasks. 
The 


read command 
routine 
starts 
out by initializing 
the 


registers 
it requires: 
the checksum 
accumulator, 
CHKSUUM, 
is cleared; 
pointers 
for the circular 


buffer, 
DBIN, 
LBRDY, 
and LBOUT 
are set to the 


start 
of the buffer; 
and the bit counter, 
BITCNT, 
is 


set to 8. 


The circular 
buffer 
has three 
pointers: 
LBIN 
to 


point 
to the next 
free buffer 
location, 
LBOUT 
to 


point 
to the next 
location 
from 
which 
to retrieve 


data, and LDRTDY 
to trail 
LBIN by two locations. 
LBRDY 
trails 
LBIN to ensure 
that the host does not 


get the received 
checksum 
or last SYNC 
bytes as 


data. The buffer 
is empty whenever 
LDRDY equals 


LBOUT. The buffer 
is full whenever 
LBOUT minus 


1 equals 
LBIN. 
Data 
is placed 
in the buffer 
by 


loading 
it into the location 
pointed 
at by LBIN and 


then 
LBIN 
is incremented. 
Data 
is removed 
from 


the buffer 
at the location pointed 
at by LBOUT 
and 


the LBOUT 
is incrementd 
byone. The data memory 


locations 
20H thru 
3FH 
form 
the circular 
buffer. 


Any 
pointer 
increment 
or 
decrement 
operation 


limits the pointers 
to this range. (If a pointer 
at 3FH 


is incremented, 
the result 
wraps 
around 
to 20H.) 


Once the registers 
have been initialized, 
the timer is 


loaded, but not started ,with a value that corresponds 
to 3/4 of a bit-cell 
time. 
Next, 
the 
EOT 
test 
is 


performed 
on the EOTFLG 
in RSTAT. 
The routine 


exits with an EOT-while-read 
error result code if an 


attempt 
to read 
is made 
while 
at EOT. 
If not, the 


transport 
is started 
and the BOTFLG 
is tested to see 


if it must move past the clear leader 
and hole. Once 


past 
the clear 
leader 
and 
hole, 
if necessary, 
the 


SYNC-Next-Byte 
flag 
(SNBFLG), 
and 
the Start 


flag(SRTFLG), 
are set in RSTAT. SNBFLG 
informs 


the software 
that the next received 
byte should be a 


SYNC. 
SRTFLG 
prevents 
LBRDY 
from 
being 


incremented 
prematurely. 


As soon as a transition 
from mark 
(1) to space (0) is 


detected, 
the timer 
is started. 
The routine 
enters 
a 


loop which tests the data ready flag (RDYFLG), 
the 


IRG found 
flag (IRGFLG), 
and the EOT detected 
flag (EOTFLG) 
in RSTAT. 
These flags are set by 


the 
background 
task 
to communicate 
with 
the 


foreground. 
RDYFLG 
is set when a character 
has 


been 
assembled 
and 
is waiting 
in the 
holding 


register, 
RDATA. 
IRGFLG 
is set when an IRG has 


been found by the background 
task. 
EOTFLG 
has 


the same meaning 
as with the write command; 
the 


clear leader 
at the end of the tape has been found. 


If none of these flags are set, the foreground 
then 


looks at the circular 
buffer 
to see if it contains 
any 


data to output 
to the host. The buffer 
contains 
data 


when LBIN does notequal 
LBOUT. 
If these pointers 


are equal, 
the buffer 
is empty 
and the foreground 


task just 
continues 
to loop. If they are 
not equal, 


there is some data left in the buffer. 
OBF is tested to 


see if DBBOUT 
is free to accept 
more data. 
If it is 


free, the character 
pointed 
at by LBOUT 
is trans- 
fered 
to DBBOUT 
and LBOUT 
is incremented 
to 


the next 
location. 
If DB BOUT 
still 
contains 
pre- 
viously 
loaded data (OBF set), the foreground 
con- 


tinues 
to test the flags in RSTAT. 


When the foreground 
task finds RDYFLG 
set, data 


is available 
in RDATA. 
Before transfering 
this data 


into the buffer, 
it first compares 
LBIN and LBOUT. 


If LBOUT 
is one less than LBIN, 
the buffer 
is full 
and no more data 
can be loaded. 
This 
is an error 


condition; 
the 
read 
operation 
is aborted 
and 
the 


transport 
is moved to the next IRG using the SKIP 


routine discussed below. Once at the next IRG, 
BUSY is reset and the Read-Overrun error result 
code (41H) is placed in DBBOUT. This terminates 
the read operation and the routine branches back to 
the command recognizer. 


If the buffer is not full, the data is transfered from 
RDATA to the location pointed to by LBIN. LBIN is 
incremented and the RDYFLG in RSTAT is reset. 
LBRDY is also incremented 
if LBIN has been 


incremented twice already. (SRTFLG set prevents 
LBRDY from being incremented. SRTFLG is reset 
when LBIN is incremented 
to the second buffer 


position.) This ensures that LBRDY will point to the 
last data byte once an IRG is detected. The data is 
also added to the accumulated checksum, CHKSUM. 
The foreground then goes back to test the RSTAT 
flags. When IRGFLG is found set, the background 
task has found an IRG and stopped the transport. 
This indicates that the block read is complete. Since 
the IRG occurs after the checksum and final SYNC 
characters, 
these two bytes are in the circular 


buffer. 
To test them the foreground 
task then 


decrements 
LBIN to point at the final SYNC and 


checks if it is a SYNC character. If not, a Bad-Sync2 
error result code (43H) is placed in RESULT and 
the routine branches to the read exit routine. If it is 
okay, a SYNC is removed from the accumulated 
checksum. LBIN is decremented again to point to 
the received checksum. Since this character is also 
in the accumulated checksum, it is subtracted out. 
Now the accumulated 
checksum reflects only the 


received data so it is compared with the received 
checksum. If they are equal, the data is presumed 
good and a Good-Completion result code (DOH)is 
loaded into result. If not, an error has occured and 
the RESULT 
is loaded with the Bad-Checksum 


result code (44H). 


Although the actual read operation is complete with 
respect to the transport, 
there may still be data 


remaining in the buffer of the controller. The read 
exit routine loops testing LBOUT and LBRDY and 
transfering 
data from the buffer into DBBOUT 
until the buffer is empty. Once the buffer is empty, 
BUSY is reset and the result code is transferred 
from RESULT to DBBOUT, completing the read 
operation. 


The timer interrupt 
routine, RDINT, for the read 


operation is shown in figure 15.The phase decoding 
algorithm 
specifies that 
the timer 
start 
at the 


beginning transition ofthe bit cell. It waits for 3/4 of 
a bit cell before sampling the data input. If the data 
input isthe same as immediately after the beginning 
transition, 
the data bit is a O.If it is different, the 


data bit is a 1.The timer interrupt routine compares 
the present 
state of the data input to the state 


immediately following the beginning transition. F0 
stores this value and shifts it into the de-serializing 
register (DESERL). Once 8 bits have been accumu- 
lated, the RDYFLG is set to inform the foreground 
that a character is complete. This character is then 
transfered 
from DESERL to the holding register, 


RDATA. 


After the interrupt routine has sampled and shifted 
in the bit, it looks for the beginning transition ofthe 


Figure 
15. RDINT-Read 
Timer 
Interrupt 
Routine 
Flow Chart 


next bit cell. While looking for this transition, 
it 


keeps track 
of time be decrementing 
a counter 


called IRGCNT. If this counter reaches zero, no 
transition 
has occured within a certain amount of 


time (this application used two bit cell times); this is 
defined as the beginning ofan IRG. When an IRG is 
found, the transport 
is stopped and the IRGFLG is 


set in RSTAT before exiting the interrupt 
service 


routine. If a transition 
is found before the counter 


times out, the routine exits setting Fo to the data 
input state 
after 
the transition. 
Fo is used for 


storing the state while in the foreground. As in the 
write operation, the CLEAR LEADER input is also 


tested every interrupt. If an EOT isfound, EOTFLG 


IS set and the transport is stopped. 


The same technique for finding IRGs is used in the 
SKIP command routine. The SKIP command, figure 
16,causes the transport to skip forward or reverse a 
specified number of IRGs. The number of IRGs to 
skip is indicated by the byte following the SKIP 
command byte acceptance (i.e. BUSY has been set 
and IBF is 0). The SKIP command routine waits, 
looping on IBF, until the IRG skip count is loaded by 


ADDI 
I("'Ai In"l~ 
nu 1tests are performed to ensure it doesn't skip 
forward when at EOTor reverse when at BOT. The 
transport 
is then started in the direction indicated 
by bit 7 of the BLKCNT value. (This bit is masked 
off after the initial direction test.) 


For reverse skips, the skipping subroutine, SKIPER, 
is called. It advances the transport to the next IRG 
using 
the IRGCNT technique 
described 
above. 
When SKIPER returns, BLKCNT is decremented 
and tested for zero. If non-zero, SKIPER is called 
repeatedly until BLKCNT is zero. Once zero, the 
transport 
is stopped and BUSY is reset. DBBOUT 
is loaded with a Good-Completion result code (OOH). 


When doing forward 
skips, the software 
takes 
advantage of the fact that the transport can recog- 
nize IRGs during fast forward. If the BLKCNT is 
greater 
than 8, fast forward is selected instead of 


slow and SKIPER is called. (The IRGCNT value is 
modified to take into account the faster tape speed.) 
When SKIPER returns, BLKCNT is decremented 
and tested both for being less than 8 or equal to zero. 
Once BLKCNT is less than 8, the slow speed is 
selected. Once BLKCNT reaches 0, the operation is 
terminated 
like the reverse skips. The transport 
is 
stopped and BUSY is cleared. DBBOUT is loaded 
with a Good-Completion result code. 


As with both READ and WRITE commands, the 
clear leader test is made periodically to ensure that 
no skips are made past the end or beginning of the 
tape. The appropriate 
error result code is issued if 


CLEAR LEADER 
is found set. RSTAT is loaded 
with the appropriate 
EOTFLG bit set. 


The REWIND command routine, figure 17, simply 
sets the transport 
to fast rewind and loops until 
clear leader is found for greater 
than 50ms. (The 
hole at the ends of the tape is guaranteed 
not to 
cause the clear leader input to be active for more 
than 50ms.) Once the tape's clear leader is found; 
the transport 
is stopped; BUSY is reset. A Good- 
Completion result code is loaded into DBBOUT. 
Also, since the transport 
is now at the BOT, the 
BOTFLG is RSTAT is set. 


The final command is the ABORT command. It 
does not have a separate flow chart of its own. All 
other commands monitor IBF periodically during 


Figure 17. REWIND 
Command 
Routine 
Flow Chart 


their execution. If a command isfound, the command 
is compared to the ABORT command code. If it is 
found, the routine 
in execution 
is stopped and 


BUSY is reset. The Abort-Complete result code is 
placed 
in DBBOUT. The aborted 
routine 
does 


ensure that it exits gracefully. An aborted READ or 
SKIP advances to the next IRG before stopping; 
WRITE records an IRG before stopping. 


The program 
listing follows in Appendix A. For 


more information on the UPI-41A family, see the 


reterence<1manualS on me cover 01 LnJSappllcaLiun 
note. For those readers who would like to use or 
modify this program 
but don't want to type in 
nearly lK bytes of code, source files are available 
through the Intel User's Library, IN SITE. (Contact 
your local Intel sales office for information 
on 


INSITE.) 
A sample of other UPI-41A programs 
available thru the INSITE library are: 


~elKoprimer comn>ller 
Olivetti printer controller 
LRC printer controller (8295) 
Sensor matrix controller 
LED display controller 
Combination serial/parallel 
I/O 
Programmable 
keyboard/display 
controller 


GPIB controller (8292) 


1 
SMACROFILE 
MOD41A 
TITLE( 
'DIGITAL 
CASSETTE 
CONTROLLER 
REV 
1 
0 
- 
26 
MARCH 
80') 


2 
3 
• ***** *************** 
**•••• ** •••• ** •• ****.*.*.* 
••••• 
*.* •• *••••••••••• 
**. 


4 
~ 
,UPI-41A 
DIGITAL 
CASSETTE 
CONTROLLER 
FOR 
THE 
BRAEMAR 
CM-'600 
6 
7 
••• * ••••• *.** .** •••.••••••• *•• *•• *•• ** It •• 
'" .***** 
••.••.•* ***************.*** 
•• 
8 
9 
,THIS 
UPI-41A 
BASED 
PROGRAM 
CONTROLS 
f\ 
BRAEMAR 
CM--600 
MINI-CASSETTE 
10 
,THE 
PROGRAM 
ALLOWS 
THE 
HOST 
CPU 
TO 
sIMPl.Y 
ISSUE 
COMMANDS 
SPF.:CIFYING 
11 
,READ-A-BLOCK. 
WRITE-A-BLOCK. 
SKIP 
FORWARD 
OR 
REVERSE 
N 
BLOCKS, 


12 
,REWIND. 
AND 
ABORT 
THE 
UPI-41A 
HANDLES 
ALL 
DATA 
REQUESTS 
AND 
MONITORS 
13 
• THE 
CASSETTE 
DRIVE 
FOR 
ERRORS. 
EG 
WRITING 
TO 
THE 
END-OF-TAPE. 
ETC 
14 
• EACH 
COMMAND 
SETS 
THE 
CONTROLLER 
IN 
THE 
BUSY 
COND-ITIONS 
ONCE 
THE 
15 
,OPERATION 
IS 
COMPLETE. 
THE 
UPI-41A 
RESETS 
IT'S 
BUSY 
FLAG 
AND 
LOADS 
THE 
16 
• OUTPUT 
DATA 
BUFFER 
WITH 
A 
RESULT 
BYTE 
WHICH 
INDICATES 
THE 
RESULT 
17 
• OF 
THE 
REQUESTS 
OPERAT I ON 
THE 
COMMANDS 
AND 
RESULT 
CODES 
ARE 
SHOWN 
18 
• IN 
THE 
SYSTEMS 
EQUATES 


19 
20 
,THE 
CONTROLLER 
USES 
A 
MODIFIED 
PHASE 
ENCODING 
WHERE 
DATA 
0'5 
ARE 
LONG 


21 
• (FULL 
BIT 
TIME) 
CELLS 
AND 
DATA 
1'5 
HAVE 
TRANSITIONS 
AT 
THE 
MID-BIT 
CEt L 


22 
j POSITION, 
WHEN WRITING, 
ALL 
IlLOCKS 
ARE 
PREFACED 
AND 
CONCLUDED 
I-IITH 


23 
j SYNC 
CHARACTERS 
(OAAH) 
A 
CHECIol,SUM BYTE 
IMMEDIATELY 
PRECEEDS 
THE 


24 
i FINAL 
SYNC 
WHEN READING. 
THE 
CONTROLLER 
TESTS 
THE 
VALIDITY 
OF 


25 
; BOTH 
SYNC 
CHARACTERS 
AND 
THE 
CHECKSUM 


26 
, INTER-RECORD 
GAPS 
(IRG) 
ARE 
WRITTEN 
WITH 
ALL 
MARK 
(DATA 
OUT"" 
1) 


27 
28 
,THE 
WRITE-A-BLOCK 
OPERATION 
IS 
DOUBLE 
BUFFERED 
WHILE 
THE 
READ-A-BLOCK 
29 
,OPERATION 
USES 
A 
30-CHARACTER 
CIRCULAR 
BUFFER 
TO 
MINIMI 
ZE 
CPO 
30 
,RESPONSE 
TIME 
REQUIREMENTS 


31 
32 
SEJECT 


33 
• *** *. **. ** .•*.**. *•••• *••• *** ****** .•** •••• *** **. **** *** •• ** •• ** *** ••• *** 


34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0000 
0001 
0002 
0003 
0004 


0002 
0003 
0004 
0005 
0006 
0007 


0004 
0005 
0006 


; REGISTER 
EQUATES 
- 
THE 
WRITE 
AND 
READ/SKIP 
OPERATIONS 
ARE 
DISTINCT 


; THEREFORE 
THE 
SAME 
PHYSICAL 
REGISTER 
MAY 
BE 
USED 
FOR 
DIFFERENT 


; PURPOSES 
IN 
EACH 
OPERATION. 
EACH 
OPERATION 
USES 
DIFFERENT 
REGISTER 


; LABELS 
FOR 
CLARITY 


CNTLsB 
EOU 
RO 
; BYTE 
COUNTER 
LSB 


CNTMSB 
EOU 
RI 
• BYTE 
COUNTER 
MSB 
CMDSAV 
EOU 
R2 
• COMMAND 
SAVER 
CHKSUM 
EOU 
R3 
· CHECKSUM 
REGISTER 
TEMPI 
EOU 
R4 
,TEMPORARY 
STORAGE 


R5 
DELAY 
REGISTER 
R6 
DELAY 
REGISTER 


STAT 
EOU 
R7 
,sTS 
IMAGE 


wRllE 
- 
RBI 
----------- 


RO 
NOT 
USI:-D 


Rl 
NOT 
USED 
RESUL T 
EOU 
R2 
• RESUL T 
STORAGE 


loISTAT 
EOU 
R3 
,WRITE 
STATUS 
REGISTER 
BITCNT 
EOU 
R4 
• WRITE 
BIT 
COUNTER 


SERIAL 
EOU 
R5 
,wRITE 
SERIALIZER 
TEMPO 
EOU 
R6 
j TEMPORARY 
STORAGE 


ASAVE 
EOU 
R7 
• ACCUMULATOR 
SAVE 


LBOUT 
EOU 
RO 
LBRDY 
EOU 
Rl 
R2 


.CHKSUM 
EOU 
R3 


BLKCNT 
EOU 
R4 


BLKTIM 
EOU 
R5 
BLKSAV 
EOU 
R6 


; STAT 
EOU 
R7 


READ/SKIP 
- 
RBI 
--------------- 
LBIN 
IRGCNT 
, RESUL T 
RSTAl 
; B ITCNT 
DESERL 
RDATA 


i A5AVE 


; NEXT 
BYTE 
OUTPUT 
POINTER 


,NEXT 
BYTE 
AVAILABLE 
POINTER 


NOT 
USFD 
• CHECKSUM 
REG I STER 
(SAME 
FOR 


; BLOCK 
COUNTER 
FOR 
SKIP 


• BLOCK 
IRG 
TIMER 
FOR 
SKIP 


;BLOCK 
IRG 
TIMER 
SAVE 


, STS 
IMAGE 
(SAME 
FOR 
WRITE) 


NEXT 
BYTE 
INPUT 
POINTER 
IRG 
TICK 
TIMER 
RESUL T 
STORAGE 
(SAME 
FOR 
WRITE) 
READ 
STATUS 
REGISTER 
READ 
BIT 
COUNTER 
(SAME 
FOR 
wR I TE) 


READ 
DE-SERIALIZER 
READ 
DATA 
BUFFER 
ACCUMULATOR 
SAVE 
(SAME 
FOR 
WRITE) 


; STATUS 
REGISTER 
E IT 
DEFINITIONS: 


• THE 
MAJOR 
OPERATIONS. 
WRITE 
AND 
READ. 
USE 
THE 
TIMER 
TO 
DETERMINE 


• ALL 
EIT-CELL 
TIMING 
AND 
TO 
PERFORM 
THE 
SERIAL-TO-PARALLEL 
CONVERSIONS 


• THE 
TIMER 
INTERRUPT 
SERVICE 
AND 
MAIN 
ROUTINES 
COMMUNICATE 
VIA 


; GENERAL 
PURPOSE 
REGISTERS 
USED 
AS 
STATUS 
REGISTERS. 


• STAT 
IS 
THE 
sTs 
REGISTER 
IMAGE 
SINCE 
THE 
UPI 
CAN'T 
Rf::AD 
STs 
DIRECTLY. 


; (ONLY 
THE 
HIGH 
ORDER 
4-BITs 
OF 
STAT 
ARE 
USED. 
) 


; THE 
LOWER 
4-BITs 
ARE 
NOT 
USER-DEFINABLE 


WSTATO 


1 
2 


CHECKSUM 
FLAG 
CCKSFLG) 
- 
CHECKSUM 
BYTE 
BEING 
SENT 
SYNC 
FLAG 
CSYNFLGl 
- 
FINAL 
SYNC 
BYTE 
BEING 
SENT 
WRITE 
DONE 
FLAG 
(WRDFLG) 
- 
FINAL 
SYNC 
IS 
BEING 
SENT 
(ENSURES 
LAST 
BIT 
1-5 
COMPLFTE) 
3 
NOT 
USED 
4 
NOT 
USED 


~ 
END 
OF 
TAPE 
FLAG 
(EOTFLG> 
- 
EDT 
WAS 
FOUND. 
TAPE 
IS 
NOW 
I\T 
EDT 


6 
BEGINNING 
OF 
TAPE 
FLAG 
(BOTFLG) 
- 
BOT 
WAS 
FOUND. 
TAPE 
IS 
NOW 
AT 
BOT 
7 
WRITE/READ 
FLAG 
(WRFLG) 
- 
WRITE 
OR 
READ 
OPERATION 
IS 
ACTIVE 


RSTATO 
1 
2 


DATA 
READY 
FLAG 
(RDYFLG) 
- 
NEXT 
BYTE 
IS 
READY 
IN 
RDATA 
SYNC 
NEXT 
BYTE 
FLAG 
(SNBFLG) 
- 
NEXT 
BYTE 
SHOULD 
BE 
A 
SYNC 
START 
FLAG 
<SRTFLGl 
- 
BEGINNING 
OF 
READ. 
DON'T 
INC, 
L!RDY 
UNTIL 
LBIN=22 


3 
IRG 
FOUND 
FLAG 
(IRGFLGl 
- 
IRG 
WAS 
FOUND 
BY 
TIMER 
INTERRUPT 
ROUTINE 
4 
NOT 
USED 
1 


5 
END 
OF 
TAPE 
FL~G 
CEOTFLG) 
-' 
EOT 
WAS 
FOUND. 
TAPE 
IS 
NOW 
AT 
EDT 
6 
BEGINNING 
OF 
TAPE 
FLAG 
(BOTFLG) 
- 
BOT 
WAS 
FOUND. 
TAPE 
IS 
NOW 
AT 
BOT 


7 
WRITE/READ 
FLAG 
(WRFLAGJ 
- 
WRITE 
OR 
READ 
OPERATION 
IS 
ACTIVE 


STATO 


1 
2 
3 
4 
5 
6 
7 


OBF 
- 
OUTPUT 
BUFFER 
FULL 


IBF 
- 
INPUT 
BUFFER 
FULL 
FO 
- 
GENERAL 
PURPOSE 
FLAG 
<USED 
INTERNALLY) 
Fl 
- 
COMMAND/DATA 
R...AG 


DRIVE 
ACTIVE 
- 
MOTOR 
ON 


FILE 
PROTECT 
- 
DRIVE 
·STA·TUS 


CASSETTE 
PRESENCE 
- 
DRIVE 
STATUS 
BUSY 
- 
CONTROLLER 
PERFORMING 
OPERATION 


• PORTIO 
- 
DIRECTION 
(O-FORWARD. 
I-REWIND) 


11 
- 
MOTION 
(a-Go. 
I-STOP) 


12 - 
SPEED 
(O-FAST, 
I-SLOW) 


13 
- 
READ/WRITE 
(a-READ. 
I-WRITE) 
14 
- 
CLEAR 
LEADER 
CO-OFF 
LEADER. 
I-ON 
LEADER) 
15 
- 
FILE 
PROTECT 
(O-TAB 
PRESENT. 
I-NO 
TAB 


16 
- 
PRESENCE 
(O-TAPE 
IN 
WITH 
DOOR 
CLOSED. 
I-NO 
TAPE) 
17 
- 
NOT 
USED 


• PORT20 
- 


21 
- 


22 
- 


23 
- 
24 
- 


2' - 
26 
- 
27 
- 


DATA 
OUT 
TO 
CASSETTE 
<a-SPACE, 
I-MARK) 


DRIVE 
ACTIVE 
LED 
<a-ON. 
I-OFF) 


NOT 
USED 
NOT 
USED 
oBF 
INTERRUPT 
OUTPUT 
IBF 
/ 
INTERRUPT 
OUTPUT 
NOT 
USED 


NOT 
USED 


0001 
0002 
0004 
0020 
0040 
0080 
0008 
FFFC 


0001 
OOFE. 
0002 
OOFD 
0004 
OOFS 
0008 
00F7 
0001 
OOFE 
0002 
OOFD 


0001 
0002 
0004 
0008 
0008 
FFFA 


0080 
0010 
0040 
0020 


0001 
0000 
0002 
0003 
0004 


0081 
0082 
0083 


0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 


OOAA 
0033 
0020 
0020 


000:5 
0001 
0002 
0004 
0003 
0000 


165 
; •••••••••••••••• 
*••••••••••••• 
**•••••• *••••• **.**.* •• **.* •• ***••••• *.** 


166 
167 
; SYSTEI'1 
EQUATES: 


16B 
169 
; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*•••••••••••• 
170 
171 
;WRITE 
SYSTEM 
EQUATES: 


172 
173 
174 
In 
176 
177 
17B 
179 
IBO 
IBI 
182 
; PORT 
EQUATES 
IB3 
IB4 
lB5 
lB6 
IB7 
lBB 
lB9 
190 
191 
192 
193 
194 
195 
196 
197 
; READ 
SYSTEM 
EQUATES: 


19B 
199 
RDYFLG 
EQU 


200 
SNBFLQ 
EQU 
201 
STRFLQ 
EQU 
202 
I RQFLQ 
EGU 


203 
RDCNT 
EQU 
204 
RDTIM 
EGU 
205 
206 
; STS 
REGISTER 
EQUATES: 


207 
20B 
209 
210 
211 
212 


CKSFLG 
SYNFLG 
WRDFLG 
EOTFLG 
BOTFLQ 
WRFLG 
WRCNT 
WRTIM 


REWIND 
FORWD 
STP 
SRT 
SLOW 
FAST 


WR 
RO 
DaHl 
DOLOW 
DAOFF 
DAON 


BUSY 
DRACT 
lAPIN 
FILPRT 
.E.JECT 


; CHECKSUM 
FLAG 
IN 
WRITE 
STATUS 


; SYNC 
FLAG 
IN 
WRITE 
STATUS 


; WRITE 
DONE 
FLAG 
IN 
WRITE 
STATUS 


; EDT 
FLAG 
; BOT 
FLAG 
; READ/WRITE 
FLAG 
IN 
WRITE 
STATUS 


; WRITE 
BIT 
CONSTANT 


; WRITE 
TIMER 
CONSTANT 


OIH 
OFEH 
02H 
OFDH 
04H 
OFBH 
OBH 
OF7H 
OIH 
OFEH 
02H 
OFDH 


; DATA 
READY 
FLAG 
IN 
READ 
STATUS 


i SYNC 
NEXT 
BYTE 
FLAG 
IN 
READ 
STATUS 


j START 
INC 
READY 
POINTER 
FLAG 
IN 
READ 


i IRG 
FOUND 
FLAG 
IN 
READ 
STATUS 


; READ 
TIMER 
CONSTANT 


; READ 
BIT 
CONSTANT 


; BUSY 
BIT 
; DRIVE 
ACTIVE 
BIT 
; TAPE 
IN 
DRIVE 
BIT 


;FILE 
PROTECT 
BIT 


213 
; GENERAL 
RESULT 
CODES 
214 
210 
ABTCMP 
EOU 
OIH 
; ABORT 
COMPLETE 
CODE 


216 
GOOD 
EOU 
OOH 
i GOOD 
RESULT 
CODE 


217 
CMDERR 
EOU 
02H 
; COMMAND 
ERROR 
CODE 
21B 
NTAPE 
EOU 
03H 
; NO 
TAPE 
ERROR 
CODE 
219 
NWR 
EOU 
04H 
; FILE 
PROTECT 
ERROR 
CODE 


220 
221 
; WRITE 
RESULT 
CODES 


222 
223 
UNDERW 
EOU 
B1H 
; UNDERRUN 
ERROR 
CODE 
224 
WCMDER 
EOU 
B2H 
; COMMAND/DATA 
ERROR 
CODE 
225 
EOTERR 
EOU 
B3H 
,EDT 
ERROR 
CODE 


226 
227 
; READ 
RESULT 
CODES 


22B 
229 
OVER UN 
EOU 
41H 
i UNDER RUN 
CODE 
FOR 
SUFFER 
230 
SYNC 
1 
EOU 
42H 
,BAD 
SYNC 1 
ERROR 
CODE 


231 
SYNC2 
EOU 
43H 
i BAD 
SYNC2 
ERROR 
CODE 


232 
SADCHS 
EOU 
44H 
; BAD 
CHECKSUM 
ERROR 
CODE 


233 
RCMDER 
EOU 
45H 
; COMMAND/DATA 
ERROR 
CODE 
234 
REDTER 
EOU 
46H 
; EDT 
AT 
READ 
ERROR 
CODE 


23:) 
SKPEOT 
EOU 
47H 
; EDT 
AT 
SKIP 
ERROR 
CODE 


236 
SKPBOT 
EOU 
4BH 
,BOT 
AT 
RSKIP 
ERROR 
CODE 


237 
23B 
; MISC 
EQUATES 


239 
240 
SYNC 
EOU 
OAAH 
SYNC 
BYTE 


241 
SLWIRG 
EOU 
010 
SLOW 
I RQ 
COUNT 
CONSTANT 
- 
NO 
TRANSITION 
IN 
2 
BIT 
TIMES 


242 
FASIRQ 
EOU 
320 
FAST 
IRQ 
COUNT 
CONSTANT 
243 
RWDIRG 
EOU 
320 
REWIND 
IRG 
caUNT 
FOR 
SKIP 
244 
24' 
; COMMANDS 


246 
247 
ABORT 
EOU 
05H 
ABORT 
COMMAND 
24B 
RDCMD 
EOU 
OIH 
READ 
FROM 
TAPE 
COMMAND 


249 
WRCMD 
EOU 
02H 
WRI TE 
TO 
TAPE 
COMMAND 


2'0 
RWCMD 
EOU 
04H 
REWIND 
COMMAND 
201 
SKCMD 
EOU 
03H 
SKIP 
BLOCK 
COMMAND 
2'2 
RESCMD 
EOU 
OOH 
RESET 
COMMAND 
2'3 
254 
.EJECT 


0009 
27 
OOOA B' 
0000 
C, 
OOOC AF 
0000 
90 
OOOE 05 
OOOF AB 
0010 
8906 
0012 
99F6 
0014 
8A02 
0016 
F, 


0017 
C, 
0018 
D61F 
001A 
7623 
001C 
22 
0010 
0417 
001F 
14AD 
0021 
0417 


0023 
FF 
0024 
4380 
0026 
AF 
0027 
90 
0028 
22 
0029 
AA 
002A 
OC06 
002C 
FA 
0020 
17 
002E 
DC 
002F 
C63A 
0031 
EC2C 


0033 
~4C4 
0035 
2302 
0037 
02 
0038 
0417 


003A 
FA 
0038 
033E 
0030 
B3 


003E 
44 
003F 
46 
0040 
4B 
0041 
4A 
0042 
4C 
0043 
4" 


0044 
044E 
0046 
2400 
004B 
04~~ 
004A 
4414 
004C 
4494 


004E 
~4C4 
OO~O 2301 


00'2 
02 


00'3 
0400 


BEGIN 
CLR 
CLR 
SEL 
MOV 
MOV 
SEL 
MOV 
ORL 
ANL 
ORL 
EN 


A 
• INITIALIZE 
THINGS 
FD 
RBO 
STAT. 
A 
;CLEAR 
5T5 
IMAGE 
5TS. 
A 
; CLEAR 
STS 


::~AT. 
A 
:CLEAR 
STATUS 
Pi. 
.STP 
OR 
SLOW; 
STOP 
DRI ••••• 
E 
AND 
SELECT 
SLOW 
FOR 
STARTERS 
Pl •• 
FORWD 
AND 
RD. SELECT 
FORWARD 
AND 
READ 
P2."DAOFF 
,TURN 
OFF 
DRI ••••• 
E 
ACTI 
••••• 
E 
LED 
FLAGS 
; ENABLE 
FLAG 
INTERRUPT 
OUTPUTS 


SEL 
JNIDF 


JF' 
IN 
JMP 
CALL 
JMP 


RBO 
B2 
CMOIN 
A,DBB 
HI 
5TSUP 
BI 


; COMMAND 
PROCESSING 
IN 
RBO 


; TEST 
IF 
IBF 
INPUT 
• YES 
THERE 
IS 
AN 
INPUT. 
SO 
TEST 
IF 
ITS 
A 
COMMAND 
; NOPE. 
ITS 
DATA 
SO 
IQNORE 
IT 
; •..•UST 
QO 
BACK 
TO 
TEST 
IOF 


; NO 
INPUT. 
UPDATE 
sTS 
WITH 
DRIVE 
STATUS 


; GO 
BACK 
TO 
TEST 
IBF 


CMDIN: 
MOV 
ORL 
MOV 
MOV 
IN 
MOV 
MOV 
CMOINl 
1'10••••• 


INC 
XRL 
JZ 
D.JNZ 


CMOIN3. 
CALL 
MOV 
OUT 
JMP 


A. STAT 
A •• 
BUSY 
STAT. 
A 
sTS. 
A 
A.DBB. 
CMDSAV. 
A 
TEMP1 •• 
6H 
A. CMOSAV 
A 
A. TEMP 
1 
CMDIN2 
TEMP1. 
CMOINl 


NDRACT 
A •• 
CMDERR 
DBB. 
A 
BI 


; GET 
STS 
IMAGE 


; SET 
BUSV 
FOR 
ALL 
COMMAND 
INPUTS 
; RESTORE 
IMAGE 


J UPDATE 
STS 


J READ 
COMMAND 
FROM 
DBO IN 
; SAVE 
IT 
IN 
CMOSAV 


; INITIALIZE 
ILLEGAL 
COMMAND 
COUNTER 
; GET 
COMMAND 
FROM 
CMDSAV 


; TEST 
IF 
VALID 
; VES. 
INDIRECT 
JUMP 
TO 
IT 


iNO 
MATCH 
VET. 
TRY 
AqAIN 
; NO 
MATCH. 
COMMAND 
ERROR 


;RESET 
ORACT 
AND 
BUSY 
(ORACT 
WAS 
NEVER 
SETl 
; COMMAND 
ERROR 
CODE 


; OUTPUT 
ERROR 
CODE 
; GO 
BACK 
TO 
TEST 
FOR 
IBF 


CMOIN2 
MOV 
A. CMOSAV 
; IT 
'5 
A 
GOOD 
COMMAND. 
GET 
IT 
FROM 
CMOsAV 
ADO 
A •• 
(LOW 
CMOJMP) 
; ADD 
OFFSET 
JMPP 
@A 
; INDIRECT 
JUMP 
TO 
THE 
COMMAND 
ROUTINE 
lHRU 
TABLE; 
; COMMAND 
•..•UMP 
TABLE 


CMDJMp· 
DB 
(LOW 
RES •..•MP) 


DB 
(LOW 
RED •..•MP) 


DB 
CLOW WRT•..•MP) 


DB 
(LOW 
SKP •..•MP) 


DB 
(LOW 
REWJMP) 
OH 
(LOW 
ART •..•MP) 


ART •..•",P: 
RES.)Mp. 
JMP 
RESCOM 
REO •..•MP. 
JMP 
READ 
WRT.JMP: 
JMP 
WRITE 
SKP •..•MP 
JMP 
SKIP 
REW.JMP: 
JMP 
REWND 


RESCOM: 
CALL 
MOV 
OUT 
JMP 


NORACT 
A •• 
ABTCMP 
DBB. 
A 
RESET 


; RESET 
BUSY 
AND 
ORACT 
(DRACT 
NEVER 
WAS 
SET) 


; GET 
ABORT 
COMPLETE 
CODE 


• OUTPUT 
IT 


; GO 
START 
OVER 


0055 
C5 


0056 
85 


0057 
65 
0058 
35 


0059 
1659 
0058 
0658 
0050 
22 
005E 
7633 
0060 
A8 


0061 
0661 
0063 
22 
0064 
7633 
0066 
A9 
0067 
F8 


0068 
17 
0069 
AS 
006A 
9660 


006C 
19 


0060 
09 


006E 
02C5 


0070 
B2C5 


0072 
BBOO 
0074 
05 


0075 
BC08 
0077 
80AA 
0079 
23FC 
007B 
62 
007C 
FB 


0070 
82A9 
007F 
C5 
0080 
54BC 
0082 
D5 
0083 
890E 


008~ 
99FC 
0087 
FB 


0088 
37 
0089 
0280 


008B 
54DC. 


0080 
BB80 
008F 
C5 
0090 
14Cl 


0092 
14C1 


0094 
14C1 


0096 
55 
0097 
25 


0098 
C5 
0099 
14AD 


0098 05 
009C 
FB 


0090 
F298 


009F 
C:5 
OOAO 
54C4 


OOA2 
05 


00A3 
FA 
00A4 
02 


OOA~ 
14C 1 


WRITE 
BEL 
CLR 
STOP 
OIS 


CLRTF 
,JTF 


WR1 
JNIBF 
IN 
JFl 
MOV 


WR2 
,JNIBF 
IN 
JFI 
MOV 
MOV 
INe 
MOV 
JNZ 
INe 


NINMSB 
IN 
JB6 
JB5 


MOV 
SEL 
MOV 
MOV 
MOV 
MOV 
MOV 
JB5 
SEL 
CALL 
SEL 
ORL 
ANL 
MOV 
ePL 
JB6 
CALL 
WR3 
MOV 
SEL 
CALL 
CALL 
CALL 
STRT 
EN 


CHKSUM, 
tWOH 


RBI 
BITCNT, 
"WRCNT 
SER 
I AL. 
••SYNC 


A,"WRTIM 
LA 
A, WSTAT 
WEOTER 
RBO 
DRACTS 
RBI 
Pl. 
"WR 
OR 
SLOW 
DR 
STP 
; SETUP 
PORT 
FOR 
SLOW 
WRITE 
PI. 
"SRT 
AND 
FORWD 
; START 
DRIVE 
IN 
FORWARD 
A, WSTAT 
; GET 
WRITE 
STATUS 
AGAIN 
A 
; COMP 
FOR 
0 
TEST 
WR3 
; TEST 
BDTFLG 
- 
WRITE 
OVER 
HOLr::' 
IF 
SET 
PASHOL 
; GET 
OFF 
CLEAR 
LEADER 
AND 
PAST 
HOLE 
IN 
TAPE 


W5TAT, 
••80H 
; SETUP 
WRITE 
STATUS 
WITH 
WRFLG 
SET 
RBO 
DELI 
SO 
DELI 
SO 
DEL150 
T 
TCNTI 


RBO 
FO 
TCNT 
TCNTI 
CLRTF 


WRI 
A,DBB 
CMOIN3 
CNTl.5B, 
A 


WR2 
A, 
DBB 


CMDIN3 
CNTMBI], 
A 


A. CNTLS8 


A 
CNTLSB, 
A 
NINMSB 
CNTMSB 
A, PI 
DRIVER 
DRIVER 


; Cl.EAR 
INT 
COUNT 
FLAG 


; BE 
SURE 
THAT 
THE 
TIMER 
IS 
STOPPED 


; DISABLE 
TIMER 
INTS 


; BE 
SURE 
THAT 
THE 
TIMER 
FLAG 
IS 
CLEARED 
; WAIT 
FOR 
BYTE 
COUNT 
LSD 


; READ 
COUNT 
LSB 
FROM 
OBBIN 


; TEST 
IF 
COMMAND 
- 
ERROR 


; IT 
'5 
DATA 
SO 
STORE 
IT 
AWAY 


; WAIT 
FOR 
I3YTE 
COUNT 
MSB 


; READ 
COUNT 
MSB 
FROM 
0138 IN 
; TEST 
IF 
COMMAND 
- 
ERROR 


; IT 
'5 
DATA 
SO 
STORE 
IT 
AWAY 
; GET 
COUNT 
LSB 
; I NC 
I T 
TO 
ACCOUNT 
FOR 
SYNC 
; SAVE 
IT 


; NO 
OVERFLOW, 
DON'T 
INC 
COUNT 
MSB 


; OVERFLOW. 
SO 
INC 
COUNT 
MSB 


;GET 
DRIVE 
STATUS 
; TEST 
IF 
NO 
TAPE 


,TEST 
IF 
FILE 
PROTECTED 


; EXIT 
WITH 
ERROR 
IF 
EITHER 


; CLEAR 
CHECKSUM 
REGISTER 


; INITIALIZE 
WRITE 
BIT 
COUNTER 


; LOAD 
SYNC 
INTO 
SERIAL 
FOR 
1ST 
BYTE 


;GET 
WRITE 
TIMER 
CONSTANT 
(1/2 
CELL 
TIME) 
; LOAD 
TIMER 
BUT 
DON'T 
START 
IT 
YET 


; GET 
WRITE 
STATUS 


; IF 
EOTFLG 
SET, 
STILL 
AT 
END 
OF 
TAPE 
- 
ERROR 


RBO 
STSUP 
RBt 
A, WSTAT 
WR4 


RBO 
NDRACT 
RBI 
A, RESUL 
T 
0813, A 
DEL 
1 ~o 


; GET 
RESULT 
CODE 
; OUTPUT 
IT 


; WAIT 
FOR 
DRIVE 
TO 
STOP 


; FULLY 
BEFORE 
ACCEPTING 
NEW 
COMMAND 


; DONE, 
RETURN 
TO 
COMMAND 
RECOGNI 
lER 
LOOP 


OOAO 
FF 


OOAE 
4360 
OOBO 
AF 


OOBI 
09 


0082 
439F 


00B4 
5F 


OOB~ 
AF 


00B6 
90 
0087 
83 


00B8 
8024 


OOBA 
8EFF 
ooBC 
EEDC 
o08E 
EDBA 
OOCO 83 


ooCl 
B06C 


OOC3 
o4BA 


00C5 
CS 
00C6 
~4C4 
00C8 
09 
00C9 
0200 
ooCB 
2304 


OOCO 
02 
ooCE 
0417 
0000 
2303 


0002 
04CD 


0004 
C5 
OOO~ 
BCOI 
0007 
B033 


0009 
BE33 
0008 
5400 
0000 
F6Fl 


OODF 
8902 
OOEI 
8A02 


00E3 
06£7 


DOES 
04F8 


00E7 
86E3 


00E9 
C5 


oOEA 
54C4 


oOEC 
05 


oOEO 
FA 


OO£E 
02 


OOEF 
0417 


OOFI 
05 


OOF2 
BA46 


00F4 
B820 


OOF6 
04DF 


OoF8 
22 


00F9 
0305 


OOFS 
96E7 


OOFD 
044E 


427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
NT 


473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
'01 
502 
503 
504 
505 
506 
'07 
508 
509 
510 
511 
512 
513 


A. STAT 
j GET 
STS 
IMAGE 


A. *TAPIN 
DR 
FILPRT 
j SET 
BOTH 


STAT, 
A 
• RESTORE 
IMAGE 
A. PI 
; READ 
INPUT 


A. "'NOT(TAPIN 
OR 
FILPRT> 
; SET 
BITS 


A. STAT 
STAT. 
A 


5Ts. 
A 


OEL50· 
MoV 
R5. *360 
,50MS 
DELAY 
ROUTINE 
DELI: 
MoV 
Rb, "'OFFH 
DEL2 
OJNZ 
R6,OE1.2 
DJNZ 
RS,DELI 


RET 


DELI 
SO· 
MoV 
RS, ••.1080 
j 150M5 
DELAY 
ROUT I NE 


,mp 
DELI 


SEL 
CALL 
IN 
~B6 
MoV 
OUT 
~MP 
MoV 
~MP 


RBo 
NORACT 
A, PI 
NT 
A, *NWR 
DBIL 
A 
Bl 
A, #NTAPE 
oRl 


,RESET 
DRACT 
AND 
BUSY 


; ~~~ 
~:I~~p~T~~U~HERE 


• TAPE 
IS 
THERE 
SO 
ERROR 


; OUTPUT 
ERROR 
CODE 


,RETURN 
TO 
COMMAND LOOP 


j NO 
TI\PE 
ERROR 


; READ 
ERROR 
WllH 
ADVANCE 
TO 
IRG 
BEFORE 
STOPPING 
DRIVE 


; WAIT 
FOR 
OBF 
TO 
BE 
FREE 
BEFORE 
RESETTING 
BUSY 
"THEN 
OUTPUT 
RESULT 


; ROERR3 
LABEL 
IS 
EXIT 
POINT 
FOR 
OTHER 
ROUTINES 
NEEDING 
TO 
WAIT 
FOR 


; OBF 
TO 
BE 
FREE 
BEFORE 
OUTPUTT I NG 
RESULT. 


; ROUTINE 
EXITS 
IN 
RBo. 


RDERR 
SEL 
RBO 
MoV 
BLKCNT, 
.1H 
• SET 
SK I P 
COUNTER 
TO 
ADVANCE 
TO 
NEXT 
lRG 
MoV 
BLKTIM 
•• SLWIRG 
• SETUP 
IRG 
COUNTER 
MoV 
BLKSAV .• 
SLWI RG 


CALL 
SKIPER 
,DO 
SKIP 
TO 
NEXT 
lRG 
~C 
RDERR2 
, TEST 
IF 
EDT 
FOUND 


RDERR3. 
oRL 
PI. 
*STP 
, STOP 
DR I VE 
WHEN 
l>ONE 


oRL 
P2 •• 
OAOFF 
; TURN 
OFF 
DRIVE 
ACTIVE 
LED 
ROERR4· 
JNIBF 
ROERR5 
; TEST 
I8F 
WHILE 
WAITING 
FOR 
met- 


~MP 
RDERR6 
; IBF 
SET 
- 
GO TEST 
INPUT 
ROERR,: 
JOBF 
RDERR4 
; TEST 
OBF, 
LOOP 
IF 
1. 
CONTINUE 
IF 
0 


SEL 
RBO 


CALL 
NDRACT 
; RESET 
DRACT 
AND 
BUSY 


SEL 
RBl 
MoV 
A. RESULT 
; GET 
RESULT 
OUT 
DBB, A 
; OUTPUT 
RESULT 


~MP 
Bl 
; GO BACK 
TO 
COMMAND LOOP 


RDERR2 
SEL 
RB 1 
· EDT 
FOUND 
WHILE 
SKIPPING 
MoV 
RESUL T. #REOTER 
• RESET 
RESUL T 
VALUE 
TO 
EDT 
ERROR 


MoV 
RSTAT •• 
EOTFLG 
• SET 
EOTFLG 
IN 
RSTAT 
~MP 
RDERR3 
• GO OUTPUT 
NE\oI RESULT 


RDERR6 
IN 
A,DBB 
• READ 
INPUT 


XRL 
A.• 
ABORT 
• TEST 
IF 
ABORT 


~NZ 
RDERRS 
· IGNORE 
IT 
IF 
NOT 
~MP 
RESCOM 
· IT'S 
AN 
ABORT. 
GO 
RESET 


.EJECT 


0100 
C5 
0101 
65 
0102 
35 
0103 
1603 
0105 
85 
0106 
2320 
0108 
A8 
0109 
A9 


010A 
8800 
010C 
05 
0100 
A8 


010E 
BC08 


0110 
09 
0111 
D24F 
0113 
C5 
0114 
~48C 
0116 
23FA 
0118 
62 
0119 
25 
011A 
05 
0118 
F' 


011C 
824D 
011E 
8904 
0120 
99F4 
0122 
37 
0123 
0227 


012~ 
~4DC 
0127 
BB06 
0129 
14Cl 


0128 
462D 
0120 
5620 
012F 
55 


0130 
05 
0131 
0635 
0133 
24D~ 
0135 
FB 


0136 
12~1 


0138 
7291 
013A 
8024B 


013C 
C,5 


0130 
F9 
013E 
08 


013F 
C630 


0141 
8630 
0143 
FO 
0144 
02 
014~ 
F8 
0146 
~4CC 
0148 
A8 


0149 
2430 


0148 
BA46 
0140 
040F 


014F 
04C5 


01~1 
53FE 
0153 
AB 
01~4 
3282 
0156 
C5 
0157 
F8 


0158 
05 
0159 
5403 
015B 
08 
01~C 
9662 
015E 
BA41 
0160 
0404 
0162 
FE 


0163 
C5 


0164 
6B 


0165 
AB 


0166 
05 


RBO 
TCNT 
TCNTI 
RCLRTF 
FO 
A •• 20H 
LBOUl. 
A 


LBRDY. 
A 


CHKSUr1 •• 
OOH 


RBI 
LBIN. 
A 
B I TCNT •• 
RDCNT 


A. Pl 
CRIV.,) 


RBO 
DRACTS 
A •• RDTIM 
LA 
TCNTI 
RBI 
A, RSTAT 
REOT 
Pl •• SLOW 
Pl 
•• 
RD 
AND 


A 
RDI 
PASHOL 
RSTAT •• 
06H 


DEL150 


RDIA 
R02 
T 


RBO 
A. LBRDY 
A. LBOUT 
RD3 


READ: 
EEL 
STOP 
DIS 
RCLRTF; 
JTF 
CLR 
MOV 
MOV 
MOV 
MOV 
SEL 
MOV 
MOV 
IN 
~B6 
BEL 
CALL 
MOV 
MOV 
EN 
SEL 
MOV 
~B5 
ORL 
ANL 
CPL 
~B6 
CALL 
ROI' 
MOV 
CALL 


RDIA" 
JNTI 
R02· 
JT1 
STRT 


• BE 
SURE 
THE 
TIMER 
IS 
STOPPED 


; DISABLE 
TIMER 
INTS 


• BE 
SURE 
THE 
TIMER 
FLAG 
IS 
CLEARED 


• CLEAR 
LAST 
DATA 
FLAG 
; GET 
POINTER 
START 
LOCATION 


• INITIALIZE 
LBOUT 
; INITIALIZE 
LBROY 
; CLEAR 
CHECKSUM 
LOCAT ION 


• INITIALIZE 
LBIN 


; INITIALIZE 
READ 
BIT 
COUNTER 


; READ 
ORIVE 
STATUS 


; TEST 
IF 
TAPE 
IS 
THERE 
TO 
READ 


; SET 
DRIVE 
ACTIVE 


;GET 
READ 
TIMER 
CONSTANT 
(3/4 
CELL 
TIME') 
; lOAD 
TIMER 
BUT 
DON'T 
START 
IT 
YET 
) ENABLE 
TIMER 
INTERRUPTS 


j GET 
READ 
STATUS 


; TEST 
IF 
AT 
EaT 
- 
ERROR 
IF 
SO 


; SELECT 
SLOW 
FORWO AND 
SRT 
; START 
DRIVE, 
FORWARD 
AND 
READ 


; COMP A 
FOR 
0 
TEST 
eSTIll 
HAVE 
RSTAT) 


; TEST 
FOR 
AT 
BOT. 
I F 
NOT 
JUST 
LOOK 
FOR 
MARK 


; IF 
BOT. 
WAIT 
UNITL 
PAST 
CLEAR 
LEADER 
AND 
HOLE 
; SETUP 
READ 
STATUS 
- 
SNBFLG 
AND 
STRFlG 
SET 


; LET 
DRIVE 
START 
UP 


; AND 
WAI T 
OVER 
WRI TE 
STOP 
lOCAT 
JON 


; WAIT 
FOR 
MARK 


; WAIT 
FOR 
TRANSITION 
TO 
SPACE 


; START 
TIMER 


; LOOP 
START - 
LOOK 
FOR 
READ 
STATUS 
FLAGS 
BEING 
SET 
BY 
TIMER 
INTERRUPT 
ROUTINE 


RD3 
BEL 
RBI 


JNIBF 
RD' 
; TEST 
FOR 
IBF 
EVEN 
WHEN READING 
~MP 
RDIBF 
, I NPUT 
OUR I NG 
READ 
- 
GO TEST 
IT 
RD4. 
MOV 
A. R5TAT 
j GET 
READ 
STATUS 


~BO 
GETDAT 
j TEST 
DATA 
READY 
FLAG 
(RDYFLG) 


~B3 
JRGFND 
; TEST 
IRG 
FLAG 
(IRGFLG) 
~B5 
REOT 
j EaT 
FOUND 
DURING 
READ 
(EOTFLG 
SET) 
- 
ERROR 


JOBF 
MOV 
OUT 
MOV 
CALL 
MOV 
~MP 


RD3 
A, l!LBOUT 
DBB. A 
A. LBOUT 
BUMPIT 
L~OUT, 
A 


RD3 


; GET 
READY 
POINTER 


; COMPARE 
TO 
OUT 
POINTER 
; EMPTY 
IF 
THE 
SAME 
SO 
JUST 
LOOP 
• NOT 
EMPTY 
SO 
SEE 
IF 
NEXT 
BYTE 
CAN 
BE 
OUTPUT 
; TEST 
OBBOUT 
- 
FULL. 
LOOP 


; OBSOUT 
FREE 
- 
GET 
DATA 


; OUTPUT 
IT 
; GET 
OUT 
POINTER 


; BUMP 
POINTER 


; RETURN 
IT 


; LOOP 


GETDAT: 
ANl 
MOV 
~BI 
SEL 
MOV 
SEL 
CALL 
XRL 
~NZ 
MOV 
~MP 


NOFULL: 
MOV 
SEL 
ADD 
MOV 
SEL 


A•• 
NOT 
RDYFLG 


RSTAT. 
A 
SNDTST 
RBO 
A. LBOUT 
RBI 
DUMP IT 
A. LDIN 
NOFULL 
RE5UL T •• OVERUN 
RDERR 
A, RDATA 
RBO 
A, CHKSUM 
CHK5U", 
A 


RBI 


; RESET 
DATA 
READY 
FLAG 
(RDYFLG) 
; RESTORE 
READ 
STATUS 


; TEST 
IF 
DATA 
SHOULD 
BE 
SYNC 
(SNBFLG 
SET) 
; NO. 
TRY 
TO 
PUT 
IN 
DUFFER 


; GET 
OUT 
PO INTER 


; DUMP 
I T 
FOR 
FULL 
TEST 


• COMPARE 
I T 
TO 
I N 
PO INTER 


; IF 
NOT 
SAME, 
THEN 
DUFFER 
ISN'T 
FUl L 


j BUFFER 
IS 
FULL 
SO 
OVERRUN 
ERROR 
CODE 
; GO EXIT 
FROM 
ERROR. 
SKIP 
TO 
NEXT 
IRG 
; BUFFER 
ISN'T 
FULL 
SO 
GET 
DATA 
FROM 
HOLDING 


0167 
FE 


0168 
AO 


0169 
F8 
016A 
S4CC 
016C 
AS 


0160 
FB 


016E 
5277 


0170 
CS 


0171 
F9 
0172 
S4CC 
0174 
A9 


0175 
2430 


0177 
F8 


0178 
0322 


017A 
9630 
017C 
FB 


0170 
53FB 


017F 
AD 


0180 
2430 


0182 
FE 


0183 
03AA 
0185 
C6BB 


0187 
BA42 
0189 
0404 


0188 
FB 


Dlec 
53FD 
018E 
AD 
018F 
2430 


0191 
CS 
0192 
FF 
0193 
53EF 


0195 
AF 
0196 
90 
0197 
BA02 
0199 
05 
019A 
F8 
01913 5403 
0190 
A8 
019E 
FO 
019F 
03AA 
01A1 
96BA 


01 A3 
Fe 


01A'4 
5403 


OlA6 
A8 
01A7 
C5 
OIAS 
FB 
01A9 
0356 
OIAD 
AB 
01AC 
OS 
01AD 
FO 
01AE 
C5 
OlAF 
37 
01BO 
17 
0181 
68 


01B2 
05 
0183 
DO 
01D4 
96DE 
0186 
BAOO 


01B8 
24CO 
01BA 
8A43 


01BC 
04DF 


018E 
BA44 


01CO 
CS 
01C1 
F8 
01C2 
09 
01C3 
96C7 
01CS 
04DF 


01C7 
D6CB 
01C9 
2405 
01C8 
86C7 
01CO 
FO 
01CE 
02 
OICF 
Fe 


0100 
:54CC 


0102 
AS 


0103 
24CO 


A, RDATA 
@LBIN.A 
A. LBIN 
BUMPIT 
L8IN. 
A 
A. RSTAT 
LBTST 


I GEl 
DATA 
AGAIN 
; PUT 
IT 
IN 
BUFFER 
; GET 
IN 
POINTER 
; BUMP 
IT 


; RETURN 
IT 


; GET 
READ 
STATUS 


; TEST 
IF 
LBROY 
SHOULD 
BE 


; BUMPED 
TOO 
(SRTFLG 
RESET) 


; SRTFLG 
I S 
RESET 
SO 
GET 
LBRDY 


j BUMP 
IT 


j RETURN 
IT 


; GO BACK 
TO 
LOOK 
FOR 
DATA 


LBTST 
MOV 
XRL 
JNZ 
MoV 
ANL 
MoV 
JMP 


R80 
A, LDRDY 
BUMPI T 
LBRDY. 
A 
R03 


A. LBIN 
A••• 22H 
R03 
A. RSTAT 
A. "NOT 
STRFLG 
RSTAT.A 
R03 


SNBTST 
MOV 
XRL 
JZ 
MoV 
JMP 


RSNB 
MOV 
ANL 
MoV 
JMP 


A. RDATA 
A. "SYNC 
RSNB 
RESUL T. "SYNC 
1 
RDERR 
A. RSTAT 
A. "NOT 
SNBFLG 


RSTAT. 
A 


R03 


• GET 
IN 
POINTER 


• TEST 
IF 
READY 
POINTER 
SHOULD 
BE 
BUMPED 


; NO. 
GO BACK 
FOR 
DATA 


; YES. 
GET 
READ 
STATUS 
; RESET 
START 
FLAG 


; RESTORE 
STATUS 


; GO BACK 
TO 
LOOK 
FOR 
OAT A 


; GET 
DATA 


; COMPARE 
TO 
SYNC 


• IT'S 
A 
SYNC. 
RESET 
SNBFLG 


; IT'S 
NOT 
A 
SYNC. 
BAD 
FIRST 
SYNC 
ERROR 
CODE 


• EXIT 
READ 
ERROR. 
ADVANCE 
TO 
NEXT 
IRG 


• SYNC 
TEST 
IS 
OK. 
GET 
READ 
STATUS 


; RESET 
SNB 
FLAG 


• RESTORE 
S1 ATUS 


• GO BACK 
TO 
LOOK 
FOR 
DATA 


IRGFND 
SEL 
MoV 
ANL 
MoV 
MoV 
oRL 
SEL 
MoV 
CALL 
MoV 
MoV 
XRL 
JNZ 
MoV 
CALL 


MoV 
SEL 
MoV 


ADO 
MoV 
SEL 
MoV 
SEL 
CPL 
INC 


ADO 
SEL 
XRL 
JNZ 
MoV 
JMP 


IRGF1 
MOV 


JMP 


CKSER 
MOV 


R80 
A. STAT 
A. "NOT 
DRACT 
STAT. 
A 


STs. 
A 
P2. 
:ltDAOFF 
R8I 
A. LBIN 
DUMPIT 
LBIN. 
A 
A.@LBIN 
A. :ltSYNC 
IRGFl 
A. LBIN 
DUMPYT 


LBIN. 
A 
R80 
A. CHKSUM 
A. :ltS6H 
CHKSUM, A 
R8I 
A. @LBIN 
R80 
A 
A 
A. CHKSUM 
R81 
A,@LBIN 
CKSER 
RESUL T ••• GOOD 
BUFFER 
REsUL T ••• SYNC2 


RDERR3 
RESUL T. "BAOCHS 


• GET 
STs 
IMAGE 


• RESET 
DRIVE 
ACTIVE 


• RESTORE 
IMAGE 


; UPDATE 
STS 


• TURN 
OFF 
DRIVE 
ACTIVE 
LEO 


I GEl 
IN 
POINTER 


; DEC 
IT 
TO 
POINT 
AT 
LAST 
DATA. 
ALIAS 
SYNC 


; RFTURN 
IT 


; GET 
LAST 
DATA 


; COMPARE 
TO 
SYNC 


; NOT 
EGUAL 
- 
ERROR 


• GET 
POINTER 
AGAIN 


; DEC 
IT 
TO 
POJNT 
AT 
2Nn 


; TO 
LAST 
DATA. 
ALJAS 
CHECKSUM 


• RETURN 
IT 


j GET 
ACCUMULATED 
CHECKSUM 


• SUBTRACT 
OUT 
SYNC 
• RESTORE 
CHECKSUM 


• COMPARE 
RESULT 
TO 
RECEIVED 


; NOT 
EGUAL. 
THEN 
CHECKSUM 
ERROR 


; EGUAL. 
THEN 
GOOD 
RESULT 


iGO 
FINISH 
OFF 
BUFFER 
BEFORE 
OUTPUTTING 
RESULT 
; 2ND 
SYNC 
ERROR 
CODE 


; EXIT 


I BAD 
CHECKSUM 
ERROR 
CODE 
Bur 
STILL 
FINISH 
BUFFER 


BUFFER 
SEL 
MoV 
XRL 
JNZ 
JMP 
aUFI 
JNIBF 
JMP 
BUF2 
JODF 
MoV 
OUT 
MoV 
CALL 
MoV 
JMP 


R80 
A. LBOUT 
A. LBRDY 
BUF1 
RDERR3 
BvF2 
RDIBF 
DUFl 
A. @LBOUT 
oBB. A 
A. LDOUT 
BUMPIT 
LBOUT. 
A 
BUFFER 


• GET 
OUT 
POINTER 


; COMPARE 
TO 
READY 
POINTER 


• NOT 
EMPTY 
YET 
SO 
GO TEST 
OBF 


• DUFFER 
IS 
EMPTY 
- 
GO OUTPUT 
RESULT 


; TEST 
FOR 
INPUT 


• IF 
INPUT, 
GO 
TEST 
IT 


• TEST 
OUF 


,ODF 
FREE. 
GET 
DATA 
FROM 
BUFFE.R 


• OUTPUT 
IT 


j GET 
OUT 
POINTER 


; BUMP 
IT 
TO 
POINT 
AT 
NEXT 
DATA 


; RETURN 
IT 


I GO TEST 
I T 
DONE 


LOC 
OBJ 


010:1 
22 
0106 
76DA 
0108 
2430 
OIOA 
0305 
OIDe 
9630 
alOE 
BACI 
OlEO 
0404 


0200 


0200 
0201 
0202 
0204 
0206 
0208 
0209 
020A 
020C 
0200 
020F 
0211 
0212 
0213 


97 
09 
9212 
4600 
S60e 
FE 
AD 
4400 
09 
9212 
EDG6 
83 
A7 
83 


0214 
0614 
0216 
7692 
0218 
8' 
0219 
54BC 
0219 
8904 
0210 
22 
021E 
AC 


021F 
F262 


0221 D' 
0222" 
FB 
0223 
9278 
022:1 
99F4 
0227 
C, 
0228 
37 
0229 
0220 


0228 
54DC 
0220 
14Cl 


022F 
8644 


0231 
FC 
0232 
03FS 


0234 
F63E 


0236 
B033 


0238 
DE33 


023A 
8904 


023C 
4444 


023E 
8020 
0240 
BE20 
0242 
99FB 
0244 
4649 
0246 
09 
0247 
9278 
0249 
4444 
0248 
D64F 


0240 
4487 
024F 
5400 
0251 
F678 


02:13 
EC2D 
0255 
B6sE 


0257 
D' 
0258 
BADa 
025A 
OBoo 


02SC 
04DF 


025E 
1488 


0260 
4457 


701 
RDIBF: 
IN 
702 
,JFl 
703 
JMP 


704 
ABTsr" 
XRL 


705 
JNZ 
706 
ABTST 1 
MOV 
707 
JMP 


708 
709 
SEJECT 


A.DBB 
ABTST 
RD3 
A, .ABORT 
RD3 
RESUL T. ttABTCMP 


RDERR 


;RE:.AD 
DBBIN 


; TEST 
FOR 
COMMAND 


i MUST 
BE 
DATA. 
IGNORE 
IT 


; COMPARE 
TO 
ABORT 
COMMAND 
i NOT 
EQUAL. 
IGNORE 
IT 


• IT 
IS 
AN 
ABORT. 
ABORT 
COMPLETE 
RESULT 
CODE 


i EXIT 
LIKE 
IT 
WAS 
AN 
ERROR. 
ADVANCE 
TO 
IRG 


i SKI~ER 
SUBROUTINE 
- 
ADVANCES 
TO 
NEXT 
IRG 
BASED 
ON 
DIRECTION 
AND 


; SPEED 
PASSED 
IN 
BLK TIM 


; CARRY=O, 
NO 
EDT 
ENCOUNTERED. 
CARRY=!. 
EDT 
ENCOUNTERED 


,ENTER 
AND 
EXIT 
IN 
RBO 


SKIPER: 
CLR 
IN 
JB4 
JNTI 
SKIPRI: 
JTI 
MOV 
MOV 
JMP 
SKIPR2: 
IN 
JB4 
DJNZ 
RET 
SKIPR3. 
CPL 
RET 


C 
A. PI 
SKIPR3 
SKIPER 
SKIPR2 
A. BLKSAV 
BLKTIM.A 
SKIPER 
A, PI 
SKIPR3 
BLKTIM. 
SKIPRI 


; CLEAR 
EDT 
INTERNAL 
FLAG 


; READ 
DRIVE 
STATUS 


; TEST 
FOR 
CLEAR 
LEADER 


; NO 
CLEAR 
LEADER. 
WAIT 
UNTIL 
INPUT 
IS 
HIGH 


• WHILE 
INPUT 
IS 
HIGH. 
DEC 
BLKTIM 
COUNTEk 
; INPUT 
WENT 
LOW. 
RESET 
BLKTIM 
COUNTER 


; GO 
WAIT 
UNTIL 
INPUT 
IS 
HIGH 
AGAIN 


j READ 
DR IVE 
STATUS 


i TEST 
CLEAR 
LEADER 
- 
ERROR 
IF 
TRUE 
; INPUT 
STILL 
HIGH, 
DEC 
BLKTIM 
COUNTER 
; RETURN 
WHEN 
AT 
IRG 


j SET 
CARRY 
TO 
SHOW 
EaT 


; RETURN 


SKIPI: 
SKIP2: 
SKIP3 


JNIBF 
JFI 
CLR 
CALL 
ORL 
IN 
MOV 
J"7 


SKIP 
CMDINJ 
FO 
DRACTS 
Pl 
•• 
SLOW 
A,DBB 
BLKCNT. 
A 
RSKIP 


,WAIT 
FOR 
SKIP 
COUNT 
INPUT 
,TEST 
IF 
COMMAND 
INSTEAD 
- 
EX J T 
IF 
YES 
; CLEAR 
DIRECTION 
FLAG 
- 
DEFAUl.T 
FORWARIl 


• GO 
SET 
DRIVE 
ACTIVE 


i START 
OUT 
SLOW 


i READ 
SK I P 
COUNT 
INPUT 


i SAVE 
IT 
IN 
BLOCK 
COUNTER 


; IF 
BIT 
7 
SET. 
IT'S 
A 
REVERSE 
SKIP 


SEL 
MOV 
JB' 
ANL 
SEL 
CPL 
JBb 
CALL 
CALL 
JFO 
MOV 
ADO 
JC 
MOV 
MOV 
DRL 
JMP 
MOV 
MOV 
ANL 
JNTI 
IN 
JB4 
JMP 
JNIBF 
JMP 
CALL 
JC 
DJNZ 
JFO 
SEL 
MOV 
MOV 
JMP 


RB! 
A. RSTAT 
,GET 
READ 
STATUS 


SKIPS 
; STATUS 
SAYS 
WE'RE 
AT 
EDT 
- 
FXIT 
WITH 
ERROR 


PI.*FORWD 
AND 
SRT 
AND 
RD 
i IT's 
GO 
- 
FORWARD 


RBO 
A 
SKIP2 
PAsHOL 
DEL150 
SKIP6 
A. BLKCNl 
A. *-8H 
sKIP4 
BUHIM. 
*SLWIRG 
BLKsAV 
•• 
SLWIRG 


PI, 
.SLOW 
; SELECT 
SLOW 
SKIP6 
i GO 
DO 
SKIP 
BLKTIM 
•• 
FASIRG 
; COUNT 
IS 
)8. 
USE 
FAST 
IRG 
TIMING 


BLKSAV 
•• 
FASIRG 


P!. 
.FAST 
SKIP7 
A. PI 
SKIP8 
SKIP6 
5KIP12 
SKIPII 
SKIPER 
SKIPS 
BLKCNT. 
SKIP2 
SKIP13 
RBI 
RESUL 
T. 
.GOOD 
RSTAT. 
*OOH 


RDERR3 


i CaMP 
A 
FOR 
a 
TEST 


• WE 'RE 
NOT 
AT 
BOT 
50 
JUST 
DO 
SKIP 
; AT 
BOT 
SO 
GET 
PAST 
CLEAR 
LEADER 
AND 
HOLE 


; WAIT 
OUT 
JUNK 
AT 
BEGINNING 
OF 
EACH 
BLOCK 
; DON'T 
WORRY 
ABOUT 
FAST 
OR 
SLOW 
WHEN 
REVERSE 


; GET 
BLOCK 
COUNT 


; SEE 
IF 
COUNT 
IS 
:>8 


; YES. 
USE 
FAST 
IRG 
TIMING 


; COUNT 
IS 
<8. 
USE 
SLOW 
IRG 
TIMING 


; SELECT 
FAST 


i WAIT 
FOR 
SPACE 
TO 
START 
IRG 
• READ 
DRIVE 
STATUS 


; TEST 
CLEAR 
LEADER 
- 
EXIT 
IF 
; CONTINUE 
TO 
WAIT 
FOR 
SPACE 


• TEST 
IOF 
WHILE 
SKIPPING 


• IOF 
SET. 
GO 
TEST 
IT 
,DO 
SKIP 
TO 
IRG 


i TEST 
I F 
EDT 
OR 
BOT 
FOUND 


i DO 
IT 
FOR 
ALL 
BLOCK 
COUNT 


i DELAY 
A 
LITTLE 
I F 
REVERSE 


; GOOD 
RESULT 


i CLEAR 
READ 
STATUS 


• USE 
READ 
EX I T 
TO 
COMPLETE 


0262 
95 
0263 
:)37F 


0265 
AC 
0266 
8020 
0268 
8E20 
026A 
05 


0268 
FB 
026C 
0278 
026E 
8901 
0270 
99F5 


0272 
C5 
0273 
37 
0274 
B220 


0276 
442B 


0278 
05 
0279 
8681 


0278 
BA47 
0270 
8820 
027F 
04DF 


0281 
80448 


0283 
8840 
0285 
04DF 


0287 
22 
0288 
030~ 


028A 
964F 


028C 
8902 
028E 
8A02 
0290 
240E 


0294 
05 
029~ 
F8 
0296 
0288 
0298 
C5 
0299 
~48C 
0298 
99F3 


0290 
8901 


029F 
99FD 
02Al 
14B8 
02A3 
09 
02A4 
92048 


02046 
44041 
02A8 
1488 


02AA 
09 
02048 
92AF 
02AO 
44Al 
02AF 
8906 
0281 
99FE 


0283 
1488 


028~ 
05 
0286 
B840 
0288 
Bo4OO 
02804 
040F 


793 
,REVERSE 
S~IP 
IS 
DESIRED 
- 
SETUP 
DRIVE 
AND 
DIRECTION 
FLAG 
7"4 
795 
RS~IP 
7"6 
7 ••7 
7"8 
7 •••• 
800 
801 
802 
803 
804 
80' 
806 
807 
808 
80 •• 
810 
• CLEAR 
LEADER 
FOUND 
DURING 
S~IP 
OR 
TAPE 
ALREADY 
AT 
EOT 
OR BOT 
811 
812 
SKIP8: 


813 
814 
81' 
816 
817 
S~IP9_ 


818 
81" 
820 
821 
i 18F 
FOUND 
SET 
DURING 
SKIP 
- 
TEST 
INPUT 
822- 
823 
SKIPII 


824 
82' 
826 
827 
828 
82" 
830 
; OUT 
OF 
PAGE 
,JUMP FOR 
CMDIN 


831 
832 
CMDIN,J; 
,JMP 
833 


834 
• * * *** ** ** **** * *** ***. 
**. **** * *** **** ******* 
**** * ** ***. 
* * .** * ** ***** 
**** 
835 
836 
; REWIND 
COMMAND - 
STOP 
WHEN CLEAR 
LEADER 
IS 
FOUND 
FOR 
:>50MS 


837 


838 
; ** ***. 
**************. 
*** *************** 
******** 
**4* ***** 
.•** *** * ** * * *** * 
83" 
840 
REWND: 
SEL 


841 
MOV 
842 
,J86 
843 
SEL 
844 
CALL 
845 
ANL 


846 
ORL 
847 
ANL 


848 
REWNOl: 
CALL 
849 
IN 
850 
,JB4 
8~1 
,JMP 
852 
REWND2: 
CALL 
8~3 
IN 


8~4 
,JB4 
855 
,JMP 
856 
REWND3 _ 
GRL 


857 
ANL 
858 
CALL 
859 
SEl 


860 
MOV 


B61 
REWND4: 
MOV 


862 
,JMP 
863 
864 
_E,JECT 


FO 
A, tt7FH 
BL~CNT, 
A 
BL~TIM, 
ttRWOIRG 
BL~SAV, 
ttRWDIRG 
RBI 
A. RSTo4T 
SKIPS 
PI. 
ttREWIND 
PI. 
ttSRT 
AND RD 


RBO 
A 
S~IP2 
S~IP1 


RBI 
SKIP9 
RESUL T, ttS~PEOT 
RST AT. ttEOTFLG 
RDERR3 
RESUL T, ttSKPBOT 
RSTAT, 
ttBOTFLG 


RDERR3 


A,OBB 
A, ttABORT 
S~IP12 
PI. 
.STP 
P2. ttDAQFF 
ABTST1 


i SET 
DIRECTION 
FLAG 
i MAS~ 
OFF 
DIRECTION 


• RESTORE 
BLKCNT 


; SET 
REWI ND 
BLOC~ 
T I MER 


• GET 
READ 
STATUS 
,AT 
BOT 
SO 
EXIT 
WITH 
ERROR 


; SELECT 
REVERSE 


iSTART 
DRIVE 


,COMP 
A 
FOR 
0 
TEST 


j NOT 
AT 
EDT 
SO 
,JUST 
DO SKIP 


• AT 
EDT 
SO 
WAIT 
PAST 
CLEAR 
LEADER 
AND 
HOLE. 


,TEST 
DIRECTION 


, IT'S 
FORWARD SO 
IT'S 
Em- 
• SET 
EDT 
FLAG 


;GO 
EXIT 
; IT '5 
REVERSE 
SO 
IT '5 
BOT 
; SET 
BOT 
FLAG 


.GO 
EXIT 


• READ 
INPUT 


; TEST 
I F 
ABORT 


,IGNORE 
IT 
IF 
NOT 


.STOP 
DRIVE 


; TURN 
OFF 
DRIVE 
ACTIVE 
LED 


; YES 
- 
EXIT 
WITH 
RESULT 


RBI 
A, RSTAT 
REWND4 
RBO 
DRAClS 
PI. 
.RD 
AND 
FAST 


PI, 
.REWIND 
Pl. 
'SRT 


DEL50 
A. PI 
REWN02 
REWNDI 
DEL50 
A, PI 
REWND3 
REWN01 
PI, 
ttSTP 
OR SLOW 
P1, .FORWD 
DEL~O 
RBI 
RSTAT, 
tf.aOTFLG 
AND 
<NOT 
EOTFLG) 
,SET 
UP 
READ 
STATUS 


RESUL T, .GOOD 
i GOOD RESUL T 
RDERR3 
; GO OUTPUT 
RESULT 


,SET 
DRIVE 
ACTIVE 


i SELECT 
RD 
AND FAST 


; SELECT 
REWIND 


• START 
DRIVF. 


• WAIT 
~OMS 


; READ 
DRIVE 
STATUS 


• TEST 
CLEAR 
LEADER 


• NO CLEAR 
LEADER 
- 
WAI T 


• WAIT 
50MS 
AGAIN 


; READ 
DRIVE 
STATUS 
AGAIN 


,AT 
END 
IF 
CLEAR 
LEADER 
STILL 
; OTHERWI SE 
I T 
WAS ,JUST 
HOLE 


; STOP 
DRIVE, 
SELECT 
SLOW 


• SELECT 
FORWARD 


• WAIT 
~OMS FOR 
DRIVE 
RESET 


02BC 
FF 
0290 
4310 


02BF 
AF 
02CO 
90 
02Cl 
9AFO 
02C3 
83 


0.2C4 FF 
02C~ 
~36F 
02C7 
AF 
02C8 
90 
02C9 
8A02 


02C8 
83 


02CC 
17 


02CO 
0200 
02CF 
83 


0200 
2320 


0202 
83 


0203 
07 


0204 
37 


020~ 
8209 
0207 
37 


0208 
83 
0209 
233F 
0208 
83 


020C 
09 


0200 
920C 
020F 
09 


02EO 
37 


02£1 
920F 


02E3 
09 
02E4 
92E3 
02£6 
83 


DRACTS· 
MOV 
ORL 
MOV 
MOV 
ANL 
REI 


A. STAT 
A. *DRACT 
STAT. 
A 
5T5, 
A 
P2, 
*DADN 


,GET 
STS 
IMAGE 


; SET 
DRIVE 
ACTIVE 
BIT 


• RESTORE 
IMAGE 


; UPDATE 
STS 


• TURN 
ON 
DRIVE 
ACTIVE 
LED 


; RFl 
URN 


A. STAT 
A, 1tNOT 
(nusy 
OR 
STAT. 
A 
STS, 
A 
P2.1tDAOFF 


; GET 
STS 
IMAGE 
DRACn 
,RESET 
ORACT 
AND 
BUSY 
; RESTORE 
IMAGE 
; UPDATE 
STS 


; TURN 
OFF 
DRIVE 
ACTIVE 
LED 


BUMPIT 
INC 
,)"6 
RET 
OVFLOW 
MOV 
RET 


.INC 
A 
; TEST 
FOR 
OVERFLOW 


; NO 
OVERFLOW. 
RET 


i OVERFLOW 
SO 
RESET 
A 


; RFTURN 


DUMPIT 
DEC 
• 
; DEe • 
CPL 
A 
,)", 
UNFLOW 
; TEST 
IF 
UNDERFLOW 
CPL 
A 
, NO. 
COMP 
BACK 
RET 
, RETURN 
UNFLOW: 
MOV 
A. *3FH 
; UNDERFLOW 
SO 
RESET 
A 
RET 
j RETURN 


PASHOL: 
IN 
A. PI 
; READ 
DRIVE 
STATUS 
,)", 
PASHOL 
• WAIT 
UNTIL 
OFF 
CLEAR 
LEADER 
PASI 
IN 
A. PI 
; READ 
DRIVE 
STATUS 
AGAIN 


ePL 
A 
; COMP 
A 
FOR 
o 
TEST 
,)"' 
PASt 
• WAIT 
UNTIL 
HOLE 
PAS2 
IN 
A, PI 
,READ 
DRIVE 
STATUS 
,)", 
PAS2 
; WAIT 
UNTIL 
PAST 
HOLE 
RET 
; RETURN 


SEJECT 


0300 
05 
0301 
AF 
0302 
FB 


C303 
F25E 


0305 
97 
0306 
560C 
0308 
8612 
030A 
6416 
030C 
B616 
030E 
A7 
030F 
95 
0310 
6416 
0312 
A7 
0313 
95 
0314 
6416 


0316 
FD 
0317 
67 
0318 
AD 
0319 
EC22 
031B 
AE 
031C 
BC08 


031E 
FB 
031F 
4301 


0321 
An 
0322 
65 
0323 
23FA 
0325 
62 
0326 
8933 
0328 
09 
0329 
9254 
032B 
564E 


0320 
B650 
032F 
E928 


0331 
8902 
0333 
8A02 
0335 
FB 
0336 
4308 


0338 
AD 


0339 
C7 
033A 
5307 
033C 
07 
0330 
E7 
033E 
17 
033F 
0308 
0341 
A9 
0342 
Fl 
0343 
B6~9 
0345 
530F 
0347 
64413 
0349 
4320 
0348 
Al 
034C 
FF 
0340 
93 


034E 
B62F 


0350 
95 
0351 
55 
0352 
6439 


0354 
FB 
0355 
4320 
0357 
AB 


0358 
8902 
03SA 
8A02 
03SC 
6439 


RBI 
ASAVE, 
A 
A, RSTAT 
WRINT 


; SAVE 
ACCUMULATOR 
; GET 
CURRENT 
STATUS 
REGISTER 
; IF 
RDIWR 
FLAG 
SET, 
IT'S 
A 
WRITE 


; OTHERWISE, 
IT'S 
A 
READ 


RDINL 
CLR 
JT1 
JFO 
JMP 
ROIl: 
JFO 
ePL 
ePL 
JMP 


RDI2· 
CPL 
ePL 
JMP 


RDI3: 
SHIFIN: 
MOV 
RRe 
MDV 
DJNl 
MDV 
MDV 
MDV 
DRL 
MDV 


RDI4. 
STOP 
MDV 
MDV 
MDV 
RDI7: 
IN 
JB4 
JTl 
JFO 


RDI8: 
DJNZ 
DRL 
DRL 
MDV 
DRL 
MDV 


e 
ROIl 
ROI2 
SHIFIN 
ROI3 
e 
FO 
SHIFIN 
e 
FO 
SHIFIN 


A,DESERL 
A 
DESERL, 
A 


BITCNT, 
ROI4 
ROATA, 
A 


BITCNT, 
.RDCNT 


A, RSTAT 
A,IRDYFLG 
RSTAT. 
A 
TCNT 
A,IROTIM 
T. 
A 
IRGCNT, 
*SLWIRG 


A, PI 
RDI9 
RDI5 
RDI6 
IRGCNT, 
RDI? 


PI •• STP 
P2,IDAOFF 
A, RSTAT 
A,IIRGFLG 
RSTAT, 
A 


,CLEAR 
SHIFTER 


; TEST 
INPUT 


; INPUT"'O, 
TEST 
LAST 


; INPUT"'O, 
LAST:rO, 
SHIFT 
IN 
0 
; INPUT"" 
1, 
TEST 
LAST 


; I NPUT"" 
1 , 
LAST",.O, 
SHIFT 
IN 
1 


• SET 
FO 
TO 
CURRENT 
VALUE 
OF 
DATA 
IN 


, INPUT=I. 
LAST""I. 
SHIFT 
IN 
0 
; GET 
CURRENT 
VALUE 
OF 
DATA 
BYTE 


i SHIFT 
IN 
NEW 
BIT 


• RESTORE 
OESER 
I AL I lEA 


; TEST 
I F 
BYTE 
DONE 


i IT'S 
DONE, 
BUFFER 
IT 
IN 
RDATA 
i RESET 
BIT 
COUNTER 


j GET 
READ 
STATUS 
; SET 
DATA 
READY 
FLAG 
; RESTORE 
STATUS 


j STOP 
COUNTER 


; GET 
TIMER 
CONSTANT 
(3/4 
CELL 
TIME) 


; LOAD 
TIMER 


j LOAD 
I RG 
COUNT 
(READ 
USES 
SLOW 
SPEED) 
; READ 
DRIVE 
STATUS 


; TEST 
IF 
CLEAR 
LEADER 
FOUND 
- 
ERROR 


; TEST 
INPUT 
LOOKINQ 
FOR 
EDGE 


; INPUT""O. 
TEST 
LAST 


; INPUT 
ILAST 
SAME, 
DEC 
IRG 
COUNT 


; COUNT 
EXPIRED, 
AT 
IRG, 
STOP 
DRIVE 


; TURN 
OFF 
DRIVE 
ACTIVE 
LED 


; GET 
READ 
STATUS 


; SET 
I RG 
FOUND 
FLAG 
; RESTORE 
STATUS 


INTEXT 
MOV 
ANL 
DEe 


RL 
INe 
ADD 
MDV 
MDV 
JFO 
ANL 
JMP 
EXITI 
ORL 
EXIT2 
MOV 
MDV 
RETR 


RDIS: 
JFO 
RDI6: 
CPL 
STRT 
JMP 


A. PSW 
A•• 
07H 
A 
A 
A 
A,108H 
IRGCNT.A 
A. @IRGCNT 
EXITI 
A. *ODFH 
EXIT2 
A,120H 
l!IRGCNT, 
A 
A. ASAVE 


RDI8 
FO 
T 
INTEXT 


A, RSTAT 
A.IEOTFLG 
RSTAT,A 
PI, 
*STP 
P2, 
*DAOFF 
INTEXT 


GET 
CURRENT 
PSW 
FOR 
STACK 
POINTER 
LOOK 
AT 
STACK 
POINTER 
ONLY 
TRYING 
TO 
GET 
PSW 
ON 
TOP 
OF 
STACK 


2 
BYTES 
PER 
STACK 
ENTRY 


POINT 
AT 
PSW 
ENTRY 


ADD 
OFFSET 
FOR 
POINTER 
LOAD 
POINTER 
- 
USE 
IRQCNT 
RE~ISTER 


GET 
PSW 
TEST 
FO 
TO 
SEE 
WHAT 
TO 
SET 
FO 
TO 
FO"'O 
THEREFORE 
RESET 
IT 


FO"" 1 
THEREFORE 
SET 
IT 
RESTORE 
STACK 
RECOVER 
A 
RETURN 
WITH 
RESTORE 


INPUT=t, 
TEST 
LAST, 
SAME 


FINALLY 
DIFFERENT, 
SET 
FO 
TO 
CURRENT 
INPUT 


START 
TIMER 
EX IT 


GET 
AEAD 
STATUS 


SET 
EOT 
FLAG 


RESTORE 
STATUS 
EDT 
SO 
STOP 
DR IVE 
TURN 
OFF 
DRIVE 
ACTIVE 
LEI) 
EXIT 


035E 
23FC 
0360 
62 


0361 
8672 
0363 
OA 


0364 
126A 
0366 
BAal 
0368 
646C 
036A 
9AFE 


036C 
95 
0360 
09 
036E 
920C 
0370 
6439 


0372 
FD 


0373 
52BA 
0375 
FD 
0376 
67 
0377 
AD 


0378 
E683 
037A 
OA 


0379 
1281 


0370 
BAOI 


037F 
6483 
03Bl 
9AFE 


0383 
85 
0384 
EC39 
0386 
8C08 


0388 
FB 
0389 
12AA 


0380 
3283 
0380 
C5 


03BE 
E894 


0390 
F9 
0391 
C6Al 


0393 
C9 
0394 
06CA 


0396 
22 
0397 
AC 
0398 
76CF 
039A 
6B 


0398 
AB 


039C 
FC 
0390 
05 
039E 
AD 


039F 
6439 


03Al 
FD 


03A2 
05 


03A3 
AD 


a3A4 
FB 
03A5 
4301 


03A7 
AB 


03A8 
6439 


03AA 
53FE 
03AC 
4302 
03AE 
AD 


03AF 
BDAA 
0381 
6439 


0383 
53FO 
0385 
4304 
0397 
AB 


0388 
6439 


03BA 
BAOO 
03BC 
BAOI 
030E 
65 
03BF 
8902 
03Cl 
8A02 
03C3 
05 


03C4 
FB 


03C:5 
5370 
03C7 
AD 


102:5 
1026 
1027 
1028 
1029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 
10:58 
1059 
1060 
1061 
1062 
1063 
1064 
1065 
1066 
1067 
1068 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
lOBI 
1062 
1083 
1084 
108:5 
1086 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
110:5 
1106 
1107 
1108 
1109 
1110 
WRD4. 
MOV 
RESUL T •• GOOD 


1111 
WRDON: 
ORL 
P2, tlOOHI 
1112 
STOP 
TCNT 
1113 
ORL 
PI,tlSTP 
1114 
ORL 
P2, tlDAOFF 
1115 
SEL 
RBI 
1116 
MOV 
A, WSTAT 
1117 
ANL 
A. tlNOT 
(WRFLG 
11-1~8-----r1OV-"'ST-.o\T.A 


WRINT: 
MOV 
MoV 
JFO 
IN 
JBO 
oRL 
JMP 
WRI I 
ANL 


WRI2: 
CPL 
IN 
JB4 
JMP 


A.*WRTIM 
LA 
WRINTI 
A. P2 
WRll 
P2, 
.DOHI 


WRI2 
P2. *DOLoW 
FO 
A. PI 
CLRLED 
INTEXT 


iGET 
WRITE 
TIME 
CONSTANT 
(1/2 
CELL 
TIME) 
; LOAD 
TIMER 
<IT'S 
STILL 
RUNNING) 


; TEST 
IF 
SECOND 
INT 
- 
DO NEXT 
OIT 
IF 
IT 
IS 


; FIRST 
INT 
- 
COMPLEMENT 
DATA 
OUT 


; SET 
SECOND 
INT 
FLAG 
,TEST 
FOR 
CLEAR 
LEADER 
,HANDLE 
IT 
IF 
IT '5 
FOUND 


; GO EXIT 


WRINTl: 
MOV 
JB2 
MoV 
RRC 
MOV 
JNC 
IN 
JBO 
oRL 
JMP 
WRI4 
ANL 


WRI3. 
CLR 
D,JNZ 
MoV 
MoV 
JBO 
JBl 
BEL 


A. WSTAT 
WRD4 
A.SERIAL 
A 
SERIAL. 
A 


WRI3 
A. P2 
WRI4 
P2. tlDOHI 
WRI3 
P2. *OOLOW 
FO 
BITCNT.INTEXT 
IJITCNT. 
tlWRCNT 


A, WSTAT 
WRD2 
WRD3 
RBO 


i GET 
WRITE 
STATUS 
• TEST 
WRI TE 
DONE FLAG 
- 
DONE 
I F 
YES 


• GET 
DATA 
REMAINDER 


• ROTATE 
NEXT 
BIT 
INTO 
CARRY 


• RESTORE 
DATA 
; TEST 
NEXT 
BIT 


; IF 
0 
- 
NO CHANGE 
I N OUTPUT 


; IF 
1 
- 
COMPLEMENT 
OUTPUT 


• RESET 
SECOND 
I NT 
FLAG 
,EXIT 
IF 
CHR NOT 
DONE 


• CHR 
I S 
DONE SO 
RESET 
D I T 
COUNTER 


; GET 
WRITE 
STATUS 
, TEST 
CHECKSUM 
FLAG 


j TEST 
SYNC 
FLAG 


O,JNZ 
CNTLSB. 
WR15 
• DEC LSD - 
IF 
NON-ZERO 
GET 
N~XT 
BYTE 


MOV 
A. CNTMSB 
• IF 
ZERO. 
GET 
MSB AND 
TEST 
IT 


,)Z 
WRDI 
j IF 
MS8 
IS 
ZERO 
- 
DONE. 
GO 
WR1TE 
CHECKSUM 


DEC 
CNTMSB 
; I'1SD IS 
NON-ZERO 
SO 
DEC 
IT 


WRI5. 
,JNIBF 
WRURUN 
,NOT 
DONE WITH 
ALL 
BVTES. 


• IS 
THE 
NEW DATA 
IN 
DOBIN 
VET'" 
NO 
- 
UNDE.RRUN 
IN 
A.OBD 
, YES. 
READ 
IT 
MoV 
TEMPt. 
A 
, SAVE 
IT 


JFI 
WCOHD 
• BE 
SURE 
IT 
WASN'T 
A 
COHMAND 
AOD 
A, CHKSUM 
; IT'S 
DATA. 
ADD 
TO 
CHECKSUM 
MOV 
CHKSUH. A 
; RESTORE 
CHECKSUM 
MOV 
A. TEMP 1 
• GET 
DATA 
AGAIN 


BEL 
RBI 


MoV 
SERIAL. 
A 
; PUT 
DATA 
IN 
SERIALIZER 


,)MP 
INTEXT 
;GO 
EXIT 


; BVTE 
COUNT 
DONE - 
WRITE 
CHECKSUM 


WRD1: 
MoV 
A. CHKSUM 
.GET 
CHECKSUM 
BEL 
RBI 
MoV 
SERIAL. 
A 
;PUT 
IT 
IN 
SERIALI 
ZER 
MOV 
A, WSTAT 
; GET 
WRITE 
STATUS 


oRL 
A, tlCKSFLG 
; SET 
CHECKSUM 
FLAG 


MOV 
WSTAT. A 
; RESTORE 
STATUS 


JMP 
INTEXT 
;GO 
EXIT 


; CHECKSUM 
BYTE 
DONE 
- 
DO SYNC 


WRD2' 
ANL 
A. tlNOT 
CKSFLG 
• RESET 
CHECKSUM 
FLAG 
oRL 
A. *SYNFLG 
j SET 
SYNC 
FLAG 
MoV 
WSTAT, A 
j RESTORE 
STATUS 
MoV 
SER I AL. tlSVNC 
; PUT 
SYNC 
IN 
SERIALIZER 


JMP 
INTEXT 
; GO EXIT 


; SYNC 
DONE - 
SET 
WRI TE 
DONE FLAG 


WRD3 
ANL 
A, tlNOT 
SYNFLG 
; RESET 
SYNC 
FLAG 


oRL 
A, *WRDFLG 
; SET 
WRI TE 
DONE FLAG 


MOV 
WSTAT.A 
; RESTORE 
WRITE 
STATUS 


,)MP 
INTEXT 
;GOEXIT 


; GOOD RESULT 
; SET 
OUTPUT 
TO 
1 


• STOP 
TIMER 


; STOP 
DRIVE 


; TURN 
OFF 
DRIVE 
ACTIVE 
LED 


j GET 
WRITE 
STATUS 
OR SYNFLG) 
• RESET 
WRIRD 
FLAG 


, RESTORE 
STATUS 


ISIS-II 
MCS-48/UPI-41 
MACRO 
ASSEMBLER. 
V3.0 
D~GITAL 
CASSETTE 
CONTROLLER 
REV 
1. 0 
- 
26 
MARCH 
80 


Loe 
OBJ 
LINE 
SOURCE 
STATEMENT 


03C8 
6439 
1119 
J"P 
INTEXT 
; GO EXIT 
1120 
1121 
; UNDER RUN 
OCCURRED 
1122 


03CA 
0' 
1123 
WRURUN: 
SEL 
RBI 


03C8 
BASI 
1124 
"OV 
RESUL T, 'UNDERW 
; UNDERRUN 
ERROR 
CODE 


03CO 
64BC 
1125 
J"P 
WRDON 
i EXIT 


1126 
1127 
• COMMAND FOUND 
WHEN DATA 
EXPECTED 
- 
CHECK 
IF 
ABORT 


1128 


03CF 
0' 
1129 
WCOMO. 
SEL 
RBI 


0300 
0305 
1130 
XRL 
A, .ABORT 
; COMPARE 
TO 
ABORT 
0302 
C608 
1131 
JZ 
wel 
; YES. 
THEN 
ABORT 


0304 
BAB2 
1132 
"OV 
RESUL T, 'WCMDER 
i NO. 
DATA 
ERROR 
RESULT 
CODE 


0306 
64BC 
1133 
J"P 
WROQN 
; EXIT 


0308 
BAOI 
1134 
wCt: 
"OV 
RESUL T, .AIHCMP 
; ABORT 
COMPLETE 
RESULT 
CDE 


03DA 
648C 
1135 
J"P 
WRDON 
1136 
1137 
; CLEAR 
LEADER 
FOUNMD 
DURING 
WRITE 


1138 


03DC 
BA83 
1139 
CLRLED 
"OV 
RESUL T. 'EOTERR 
CLEAR 
LEADER 
ERROR 
CODE 


030E 
FB 
1140 
"OV 
A, WSTAT 
GET 
WRITE 
STATUS 


03DF 
4320 
1141 
ORL 
A, tfEOTFLG 
SET 
EDT 
FLAG 
03EI 
A. 
1142 
"OV 
WSTAT.A 
RESTORE 
STATUS 


03E2 
64BC 
1143 
J"P 
WRDON 
EX IT 


1144 
114:5 
END 


USER 
SYMBOLS 
ABORT 
000:5 
ABTCMP 
0001 
ABTST 
OIDA 
ABTSTI 
OloE 
ARTJMP 
0044 
ASAVE 
0007 
., 
0017 
.2 
OOIF 
BADCHS 
0044 
BEGIN 
0009 
81 TCNT 
0004 
BLKCNT 
0004 
BLKSAV 
0006 
BLKTIM 
0005 
BOTFLG 
0040 
aUFI 
01C7 


BUF2 
OICo 
BUFFER 
OICO 
BUMP I T 
02CC 
BUSY 
0080 
CHKSUM 
0003 
CKSER 
OIBE 
CKSFLG 
0001 
CLRLEO 
030C 


CLRTF 
0059 
CHOERR 
0002 
CMOIN 
0023 
CMOINI 
002C 
CMOIN2 
003A 
CMOIN3 
0033 
CMOINJ 
0292 
CMOJMP 
003E 
CHOSAV 
0002 
CNTLSB 
0000 
CNTMSB 
0001 
OAOFF 
0002 
OAON 
OOFD 
DELI 
OOBA 
DELI 
50 
OOCI 
DEL2 
OOBC 
DEL50 
00B8 
DESERL 
0005 
DOHI 
0001 
DOLOW 
OOFE 
ORI 
OOCO 
oRACT 
0010 
ORACTS 
02BC 
DR IVER 
ooes 
ORIVJ 
014F 
DUMPIT 
0203 
EOTERR 
0083 
EOTFLG 
0020 
EXITI 
0349 
EXIT2 
0340 
FASIRG 
0020 
FAST 
OOFB 


FILPRT 
0020 
FORwO 
OOFE 
GETOAT 
0151 
GOOD 
0000 
INT 
0300 
INTEXT 
0339 
IRGCNT 
0001 
IRGFl 
OlEA 
IRGFLG 
0008 
IRGFND 
0191 
LEIN 
0000 
LEOUT 
0000 
LBRDY 
0001 
LBTST 
0177 
NORACT 
02C4 
NINMSB 
0060 
NOFULL 
0162 
NT 
0000 
NTAPE 
0003 
NWR 
0004 
OVER UN 
0041 
OVFLOw 
0200 
PAS1 
02DF 
PAS2 
02E3 
PASHOL 
020C 
RCLRTF 
0103 
RCNDER 
004~ 
RO 
00F7 
RD! 
0127 
ROIA 
01213 
R02 
0120 
RD3 
0130 


R04 
0135 
RDATA 
0006 
RoCNO 
0001 
ROCNT 
0008 
ROERR 
0004 
RDERR2 
OOFI 
ROERR3 
OOOF 
RoERR4 
00E3 
ROERR5 
00E7 
ROERR6 
00F8 
RDI I 
030C 
ROI2 
0312 
RoI3 
0316 
ROI4 
0322 
RDI5 
034E 
ROI6 
0350 


RoI7 
0328 
Rol8 
032F 
RDI9 
03~4 
RoIEF 
OID~ 
RoINl 
0305 
RoTIM 
FFFA 
RDYFLG 
0001 
READ 
0100 


REOJMP 
0046 
REOT 
014E 
REOTER 
0046 
RESCMD 
0000 
RESCOM 
004E 
RESET 
0000 
RESJMP 
0044 
RESUL T 
0002 
REWIND 
0001 
REWJHP 
004C 
REWND 
0294 
REWNDI 
02Al 
REWN02 
02A8 
REWN03 
02AF 
REWN04 
02B8 
RSKIP 
0262 
RSNE 
018n 
RSTAT 
0003 
RWCNo 
0004 
RWOIRG 
0020 
SERIAL 
0005 
SHIFIN 
0316 
SKCMD 
0003 
SKIP 
0214 
SKIPI 
022E 
SKIPll 
0287 
SKIP12 
024F 
SKIP13 
025E 
SKIPI4 
0257 
SKIP2 
0220 
SKIP3 
022F 
SKIP4 
023E 
SKIP6 
0244 
SKIP7 
0248 
SKIP8 
0278 
SKIP9 
0281 
SKIPER 
0200 
SKIPRI 
0206 
SKIPR2 
020C 
SKIPR3 
0212 
SKPBOT 
0048 
SKPEOT 
0047 
SKPJMP 
004A 
SLOW 
0004 
SLWIRG 
0033 
SNBFLG 
0002 
SNBTST 
0182 
SRT 
OOFO 
STAT 
0007 
STP 
0002 
STRFLG 
0004 
STSUP 
OOAD 
SYNC 
OOAA 
SYNCI 
0042 
SYNC2 
0043 
SYNFLG 
0002 
TAPIN 
0040 
TEMPO 
0006 
TEMPt 
0004 
TIMINT 
0007 
UNOERW 0081 
UNFLOW 
0209 
we! 
0308 
WCMDER 0082 
weOMD 
03CF 
WEOTER 
00A9 
WR 
0008 
WRI 
0058 
WR2 
0061 
WR3 
0080 
WR4 
0098 
WR' 
009F 
WRCMO 
0002 
WRCNT 
0008 
WRDI 
03Al 
WRD2 
03AA 
WR03 
03B3 
WRD4 
03BA 
WRoFLG 
0004 
WRDON 
03BC 
WRFLG 
0080 
WRII 
036A 
WRI2 
036C 
WRI3 
0383 
WRI4 
0381 
WRI5 
0394 
WRINT 
03:5E 
WRINT1 
0372 
WRITE 
00:55 
WRTIM 
FFFC 
WRTJMP 
0048 
wRURUN 
03CA 
WSTAT 
0003 


ASSEMBLY 
COMPLETE, 
NO 
ERRORS 
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Many microprocessor 
systems require the real-time con- 
trol of a peripheral device such as a printer, keyboard, or 
alpha-numeric display, etc. These medium speed but still 
real-time tasks can be rather mundane, tiMe-consuming, 
and require a fair amount of system software overhead. 
Of course, any time spent by the main processor in servic- 
ing these I/O devices is unavailable 
for other, possibly 
more important, tasks. This processor burden caq lflrgely 
be removed by isolating the real-time portion of the task 
to a dedicated peripheral-control 
processer. 
. 


Until recently, this approach was usually not cost effec- 
tive due to the large number of components required by 
the dedicated processor: CPU, RAM, ROM, I/O, etc. To 
help make the approach 
more cost effective, Intel bor- 


rowed the I/O processing concepts found in many main- 
frame and minicomputers; 
put all the hardware in one 


package; and introduced a family of Universal Peripheral 
Interface c('ntrollers-the 
UPI-41 A™ 
family. The basic 


family consists of the 8041A and the 8741A. These two 
devices are essentially single-chip microcomputers with a 
standard 
microprocessor 
bus interface. They have on- 


chip RAM, ROM (8041A) or EPROM 
(8741A), CPU, 


timer/counter, 
and I/O. Using one of the UPI family, the 


designer 
simply 
codes 
his 
custom 
or 
proprietary 


peripheral control algorithm 
into the UPI device itself 


rather than the main system software. The UPI device 
then takes over the peripheral control task while the host 
processor simply issues commands 
and transfers 
data. 


More information 
on the UPI family is available in the 


documents referenced opposite the table of contents. 


Illustrating 
the UPI concept as both design examples 


and 
actual 
products, 
a number 
of 
pre-programmed 


8041As 
are 
available. 
These 
devices 
are 
the 
8278 


Keyboard/Display 
Controller, the 8294 Data Encryption 


Unit, the 8292 GPIB Controller, and the 8295 Dot Matrix 
Printer 
Controller. 
Data 
sheets for these devices are 


found 
in the Peripheral 
Design Handbook 
and their 


source listings (except for the 8294) are available in Insite, 
Intel's User's library. This application 
note deals with 


the 8295. 


The 8295 Dot Matrix 
Printer 
Controller 
is a device 


specifically designed to interface microprocessors 
to the 


LRC 7040 Series of dot matrix impact printers. It offers 
complete solenoid and motor drive timing and contains 
an on-chip 7 x 7 character generator accommodating 
64 


ASCII characters. 
An on-chip FIFO buffers up to 40 


ASCII 
characters 
before 
printing. 
Character 
density, 


width, and print intensity are all programmable. 
Three 


programmable 
tabulations and two general purpose out- 
puts are also provided. Four data transfer methods are 
possible: polling, interrupt-driven, 
and Direct Memory 


Access (DMA) 
are 
available 
when 
in 
parallel 
data 


transfer 
mode and asynchronous 
serial is available in 


serial 
mode. 
The 
data 
transfer 
mode 
is hardware 
selectable. 


Let's first look at the LRC printer itself and its interface 
to the 8295. 


The LRC Model 7040 printer is manufactured 
by LRC, 


Inc. of Riverton, Wyoming. Capable of printing 40 col- 
umns of characters at a speed of 1.25lines/sec, the 7040 is 
mechanically simple and is ideal for point-of-sale or data 
logging terminals. 


It is an impacl printer whose print head consists of seven 
solenoids which each drives a stiff wire to impact the 
paper through an inked ribbon. While the wires are ar- 
ranged in a circular fashiort at the solenoid end, they 
form a vertical column 
at the ribbon 
impact 
point. 


Characters are formed by firing the solenoids to form a 
5 x 7 or 7 x 7 matrix of "dots" 
(impacts of the wires). 


Figure I shows how the character 
A is formed using a 


7 x 7 matrix. The columns are labeled Cl thru C7 and the 
rows RI thru R7.The print head moves left to right across 
the paper so at time Tl, the head is over column CI. If the 
correct solenoids are activated at each time Tx for each 
column Cx, the character is formed. 


R'OOO.OOO 
R'DO.O.OO 
R3[].000.0 
R·.OOOOO. 
R5.10.0.0. 
R'.IOOOOO. 
R7.00000. 


The print head is moved across the paper by the main 
motor drive. The main motor drive consists of a 24-pole 
synchronous motor which drives a rotating plastic drum. 
The drum has a spiral groove molded into it and a pin on 
the print head rests in the groove so that the print head 
traverses the paper as the drum rotates. Characters are 
printed by firing the solenoids during the left-to-right 
traverse. At the end of the print area, the spiral groove 
reverses the direction of the print head returning it to its 
home position. 


A HOME microswitch riding on a cam attached to the 
plastic drum provides the only feedback as to the print 
head position. When the print head is in its home resting 
position the HOME switch is inactive. To start a print 
cycle, the main motor drive is activated which starts the 
print head motion. As the print head reaches the begin- 
ning of the print area, the cam activates the HOME 
switch as a signal to the printer controller to commence 
firing the solenoids. The controller 
then activates the 
solenoids as appropriate 
for each character in the line. 
The print area is defined as the 310ms'immediately after 
HOME goes active. Solenoid timing is the responsibility 
of the controller; 
the printer 
mechanism· supplies no 
character-position 
information. 


After the line is printed and the print head has traversed 
right to left, the HOME switch is deactivated. This transi- 
tion signals the controller 
to turn off the main motor 
drive since the home position has been reached. A new 
print cycle may start immediately if data is ready. 


Paper feed is accomplished with a 'second synchronous 
motor and a PFEED (Paper Feed) microswitch. In the 
quiescent state, the PFEED switch is inactive. Activating 
the paper feed motor drive starts the line feed cycle. The 
switch becomes active at some point during the cycle 
(typically about 48ms later) and is deactivated when the 
cyci(> is complete. 
The controller 
uses the active-to- 
inactive transition to remove the paper feed motor drive. 
The paper feed operation is independent of the print cycle 
so the two could occur simultaneously. 
Figure 2 shows 
the timing required by the printer for a print cycle fol- 
lowed by a line feed. 
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Solenoid timing determines 
the location of any given 
"dot" 
and its intensity. The LRC 7040 printer specifica- 


tion states a 400l"s maximum solenoid "ON" 
time and a 


Urns typical period. Since the print area is 310ms "long;' 
this timing allows a total of 240 dots (3IOms/1.3ms per 
dot) in one row or 40 characters on a 5 >< 7 matrix with a 
one dot space between characters. While 5 x 7 characters 
have acceptable readability, their distinctness and format 
can be improved with a 7 x 7 matrix, however, 40 7 x 7 
characters 
translate 
to 320 dots per row or a 0.97ms 


solenoid period. This violates the solenoid duty cycle spec 
if the solenoids are fired for every column. The best way 
to get around this dilemma and still retain the improved 
readability 
of the 7 x 7 format 
is to simply fire the 


solenoid every other column. The 8295 uses this technique 
and the "every-other" 
column spacing is reflected in 
Figure I. The 8295 character set is included in Figure 3. 


Hex Code 
Print Char. 
Hex Code 
Print Char. 
Hex Code 
Print Char. 
Hex Code 
Print Char. 


20 
space 
30 
0 
40 
@ 
50 
P 
21 
! 
31 
1 
41 
A 
51 
Q 
22 
" 
32 
2 
42 
8 
52 
R 
23 
# 


1 


33 
~ 
3 
43 
C 
53 
S 
24 
$ 
34 
4 
44 
D 
54 
T 


25 
% 
35 
5 
45 
E 
55 
U 


26 
& 
36 
6 
46 
F 
56 
V 


27 
37 
7 
47 
G 
57 
W 


28 
( 
38 
8 
48 
H 
58 
X 
29 
) 
39 
9 
49 
I 
59 
Y 
2A 
., 
3A 
: 
4A 
J 
5A 
Z 
28 
+ 
.' 
38 
; 
48 
K 
, 
58 
[ 
2C 
3C 
< 
4C 
L 
5C 
, 


2D 
- 
3D 
= 
4D 
M 
5D 
1 
2E 
3E 
> 
4E 
N 
5E 
1 


2F 
I 
4F 
? 
4F 
0 
5F 
- 


It's 
the job 
of the 8295/Printer 
interface 
to convert 
the 
TTL-compatible 
outputs 
of the 
8295 to the motor 
and 


solenoid 
drive 
levels., 5ince the printer 
side of the 8295 is 


independent 
of the system 
side, 
this same ,8295/Printer 
interface 
is used 
for all' examples 
dis~ussed 
in the 
later 
sections. 


For solenoid 
drive, 
the 8295 supplies 
seven solenoid 
out- 


puts, 
SI thru 
57, 
plus 
a solenoid 
strobe, 
5TB. 
5TB 
modulates 
the 51-57 outputs 
externally 
to supply 
the ac- 


tual solenoid 
"ON" 
time. This time is software 
program- 


mable. 
Figure 
4 
shows 
the 
recommended 
51-57/5TB 
gating. 


ST. 


57 


56 


55 


54 


8295 


53 


52 


51 


MOT 
IMOTOR 
DRIVERS 


PFM 


SOLENOID 


INPUT 


11·0FF) 


(O-ON) 


The 
solenoids 
must 
be driven 
from 
a 40 
± 100/0 volt 
source. 
The 
peak 
current 
is approximately 
3.~A, 
the 
average 
current 
is approximately 
0.5A. 
A circuit 
pro- 
viding 
the required 
drive is shown 
in Figure 
5, The output 
stage, consisting 
of the 2N6045 
Darlington 
transistor, 
the 


IN4002 
catching 
diode, 
and 
the 
lOO-ohm 
damping 


resistor, 
is the one' suggested 
by the manufacturer. 
The in- 


put 
stage 
is a discrete 
implementation 
of a DTL 
gate. 
Note 
that 
the base-emitter 
junction 
of the 2N6045 
pro- 


tects the 2N2222A 
transistor 
from 
overvoltage 
on its col- 


lector. This circuit 
has several 
features 
which 
are impor- 


tant 
to the printer 
interface: 


1. All solenoid 
power 
(including 
the power 
used to drive 


the base of the power 
transistor) 
is derived 
from 
the 


40-volt 
supply. 


2. 
Disconnecting 
the drivers 
from 
the 8295 or the loss of 
the 5-volt 
supply 
to' the 8295 results 
in the solenoids 


turning 
ofC 


The 
first 
feature 
of the drivers 
minimizes 
the impact 
of 
the printer 
and its interface 
on the 5-volt supply. The sec- 
ond 
feature 
prevents 
the activation 
of the solenoids 
er- 


roneously 
during 
power 
on/off 
cycles 
or during 
system 
checkout. 
This an important 
point 
since the solenoids 
will 
be damaged 
if left activated 
continuously. 
The 
fuses 
is 


series with the solenoids 
heLp protect 
them 
from 
mishap. 


The two motors 
can each be driven 
as shown 
in Figure 
6. 


The Monsanto 
MCS-6200 
is an optically-coupled 
TRIAC 
which 
is ideal for driving 
the small 
synchronous 
motors 


in the printer. 
Coupled 
with a buffer 
this part 
provides 
a 
simple 
means 
of controlling 
the motors 
without 
sacrific- 


ing the isolation 
required 
for safe and reliable 
operation. 


These 
driver 
circuits 
were 
borrowed 
from 
the 
Intel 
ap- 


plication 
note AP-27 
"Printer 
Control 
With the UPI-41:' 


(The 8295 development 
was inspired 
by the success of the 


AP-27 
design.) 
Other 
solenoid 
and 
motor 
driver 
circuits 
are described 
in the LRC 
Interface 
Guide 
available 
from 


the manufacturer. 


MOTOR 


DRIVE 


(1·0FF) 
(C'-ON) 


Hex Code 
Description 


00 
Clear GP1. This command 
brings the GP1 
pin to a logic low state. After power on it is 
automatically 
set high. 


01 
Clear GP2. Same as the above but for GP2. 


02 
Set GP1. Sets GP1 pin to a logic high state, 
inverse of command 00. 


03 
Set GP2. Same as above but for GP2. In· 
verse command 01. 


04 
Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 


05 
Print 10 characterslin. 
density. 


06 
Print 12 characterslin. 
density. 


07 
Print double 
width 
characters. 
This com· 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 


08" 
Enable DMA mode; must be followed 
by 


two bytes specifying 
the number of data 


characters to be fetched. Least significant 
byte accepted first. 


09 
Tab character. 


OA 
Line feed. 


OS" 
Multiple 
Line Feed; must be followed 
by a 
byte specifying 
the number of line feeds. 


OC 
Top of Form. Enables the line feed output 
until the Top of Form input is activated. 


Hex Code 


OD 


Description 


Carriage Return. Signifies end of a line and 
enables the printer to start printing. 


Set Tab #1, followed 
by tab position 
byte. 


Set Tab #2, followed 
by tab position 
byte. 


Should be greater than Tab #1. 


Set Tab #3, followed 
by tab position 
byte. 


Should be greater than Tab #1. 


Print 
Head 
Home 
on 
Right. 
On 
some 


printers the print head home position 
is on 


the right. This command would enable nor· 
mal left to right printing with such printers. 


Set Strobe 
Width; 
must 
be followed 
by 


strobe 
width 
selection 
b"yte. This 
com· 


mand adjusts 
the duration 
of the strobe 


activation. 


07·03 
02 
01 
DO 
Solenoid on 
(j.Is) 


0 
0 
0 
0 
200 


0 
0 
0 
1 
240 


0 
0 
1 
0 
280 


0 
0 
1 
1 
320 


0 
1 
0 
0 
360 
0 
1 
0 
1 
400 


0 
1 
1 
0 
440 


0 
1 
1 
1 
480 


"parameter(s) required 


8295 Command 
Software 


The software control of the 8295 is very straightforward. 
The host processor simply issuesASCII characters to the 
8295.The printable characters, 20H thru 5FH, are stored 
in the on-chip FIFO for printing while the non-printable 
codes, OOH thru 12H, serve as 8295 commands. (Codes 
l3H thru IFH are treated as no-ops.) The 8295 command 
set is shown in Figure 7. Note that some of the commands 
require an extra byte or two of information 
(parameters). 
These additional 
parameters must follow 
the command 


otherwise data and parameters might be confused. Com- 
mands and data may be mixed at any time although while 
the data is stored in the FIFO, commands take effect im- 
mediately. Commands do not "pass-thru" 
the FIFO. 


All printable 
characters are entered into the FIFO. The 


FIFO is printed when either a Carriage Return command 
is received or the FIFO becomes full. In either case, the 
FIFO is printed, however there is no automatic line feed 


unless the printer happens to be so equipped mechanical- 
ly. Thus, a Line Feed command should be issued after 
each Carriage Return or after the last character to fill the 
FIFO. The FIFO is printed as soon as the character that 
filled it is accepted. If the character immediately follow- 
ing this filling character is a Carriage Return, the 8295 ig- 
nores it to prevent a uselessprint cycle. 


Some commands clear the FIFO. The Carriage Return 
command effectively clears the FIFO since it causes the 
FIFO contents to be printed. The character density and 
width commands also clear the FIFO however they do 
not print its contents; the FIFO size is adjusted by these 
commands. Obviously, a to chr/in 
density with double 
width printing would not allow 40 characters per line. The 
8295 recognizes this fact 
and modifies 
internally 
the 


FIFO size limits. The FIFO size is modified according to 
the table below. For example, if the density is to charlin, 
single width printing, 
the 8295 accepts only 33 printable 


characters 
before 
starting 
a print 
cycle. Since these com- 
mands 
take 
effect 
as 
soon 
as 
they 
are 
accepted, 
this 


prevents 
mixing different 
character 
densities 
or widths 
on 
a given line. Any such commands 
must 
precede 
the data 
for a line. 


DENSITY 


12 


12 


10 


10 


WIDTH 


SINGLE 
DOUBLE 
SINGLE 
DOUBLE 


BUHERSIZE 
40 
20 
33 
17 


The Software 
Reset command 
clear.s the FIFO~ resets the 
density 
to 12 chr lin and 
selects 
single 
width 
printing. 
It 
does 
not effect 
the solenoid 
·strobe 
width, 
the tab 
posi- 
tions, 
or 
the 
general 
purpose 
outputs. 
This 
command 


should 
be issued 
only when the 8295 is expecting 
a com- 


mand 
or data. 
Issuing 
it when 
the 
8295 
is expecting 
a 
parameter 
causes 
it to be, interpreted 
as the 
parameter 


and 
not the intended 
software 
reset. 


A hardware 
reset 
causes 
the 
8295 
to 
default 
into 
the 
following 
states: 


I. 
Clears 
the FIFO 


2. GPI 
and 
GP2 
set high 


3. 
12 chrlin 
density 


4. 
single width 
prining 


5. 320/"s strobe 
width 


6. 
tab positions 
indeterminate. 


The 8295 has the option 
of using serial 
or parallel 
com- 
munication 
with the main 
processor. 
The choice 
must 
be 


made early in the design cycle since it is a hardware, 
not a 


software, 
selection. 
Let's 
look at the parallel 
options 
first. 


In 
parallel 
mode, 
the 
8295 
has 
the. 
traditional 
microprocessor 
bus 
interface: 
data, 
control, 
etc. 
The 


parallel 
mode 
is selected 
by not grounding 
the IRQ/SER 


pin. To the main 
processor, 
the 8295 in parallel 
mode 
ap- 
pears 
as two 
registers: 
the 
Input 
Data 
register 
and 
the 


Output 
Status 
register. 
The 
main 
processor 
writes 
com- 
mands 
and data into the Input 
Data register 
while it reads 


the 8295 status 
from 
the Output 
Status 
register. 


The Output 
Status 
register 
format 
is shown 
in Figure 
8. 


The Input 
Buffer 
Full bit (lBF) indicates 
whether 
the 8295 


has accepted 
the previous 
command 
or data 
byte. 
IBF is 


automatically 
set when 
the host 
processor 
writes 
to the 


8295 and 
it is reset 
when 
the 
8295 accepts 
the data 
or 


command. 
If IBF = I, no writes to the Input 
Data register 


are allowed. 
Only when IBF =0 may a Input 
Data register 


write be done. The DMA 
Enable 
bit (DE) is set whenever 


the 8295 is performing 
DMA 
data 
transfers. 
When 
the 
specified 
number 
of transfers 
has been made, 
the DE bit 


is cleared. 
Since 
DMA 
cycles are 
usually 
transparent 
to 


the main 
processor, 
the DE bit tells the processor 
when 


the DMA 
block 
transfer 
is complete. 


The processor 
does 
not always 
have 
to read 
the Output 


Status 
register, 
checking 
IBF, 
before 
loading 
the 
Input 


Data 
register. 
An interrupt 
output 
(IRQ) 
pin is available 


to interrupt 
the processor 
whenever 
the 8295 is ready 
to 


receive 
new data 
or commands. 
The 
fact that 
IRQ is set 


implies 
that 
IBF = 0, so it's 
not 
necessary 
for 
the 
pro- 


cessor 
to read 
the 8295 status 
when 
interrupted; 
it can 


just 
write 
the next byte. 


Figure 9 shows the system 
schematic 
for using the 8295 in 


polled-parallel 
mode 
in an 8085A system; 
ie the IRQ line 


is not used. The 8085A/8295 
interface 
is standard 
as for 


any 
Intel 
peripheral. 
CS is decoded 
from 
the high-order 
address 
lines. RD and 
WR are the 8085A 
read and write 


control 
lines. 
RESET 
is the system 
reset. 


Example 
8085A 
polling 
software 
is shown 
in Figure 
10. 


This 
routine 
simply 
outputs 
the 
print 
buffer 
starting 
at 


the location 
pointed 
to in PRTSRT. 
The system 
software 
builds 
the 
buffer, 
terminates 
it with 
a OFFH 
character, 


and loads 
PRTSRT 
before 
calling 
PRINT. 


PRINT 
is not 
very 
efficient 
with 
respect 
to processing 


time. Since the 8295 does not accept 
data 
while in a print 


or line feed cycle, if the buffer 
contained 
more 
printable 


characters 
than 
the FIFO 
size, the processor 
would 
sit in 


the 
PRT2 
loop 
during 
the 800ms 
print 
and 
200ms 
line 


feed cycles. That 
is obviously 
not 
too efficient. 
The 
ob- 


vious 
way around 
this 
problem 
is to restrict 
the buffer 


size to less than that of the FIFO 
however 
this could com- 
plicate 
the system 
software 
since more 
buffer 
building 
is 
required. 
A better 
approach 
is to use interrupts. 


By connecting 
the 8295's 
IRQ output 
to one of the 8085A 
RST 
interrupt 
inputs 
(dotted 
line in Figure 
9), the pro- 


cessor 
is interrupted 
only 
when 
the 8295 is able 
to take 


another 
character. 
Figure 
11 shows 
such 
interrupt-driven 
software 
assuming 
the RST 6.5 interrupt 
input 
is used for 


IRQ. 


To 
further 
enhance 
the 
bus 
efficiency 
and 
processor 


overhead 
at the expense 
of slightly 
more 
complex 
hard- 


ware, use the 8295 DMA interface. 
This DMA interface 
is 


compatible 
with the 8257 DMA 
Controller. 
With such an 


interface 
all that's 
necessary 
is for the processor 
to load 


the 
DMA 
Controller 
with 
the 
print 
buffer 
starting 
ad- 


dress 
and 
write 
the Enable 
DMA 
command 
and 
length 


parameters 
into 
the 8295. The 
8295 does 
the rest by re- 


questing 
data 
directly 
from 
memory 
thru 
the DMA 
Con- 


troller. 
It keeps 
track 
of the number 
of characters 
to re- 


quest. 
As long 
as there 
are 
characters 
remaining 
to be 


transferred, 
the DE bit in the Output 
Status 
register 
is set. 


After 
the last byte is transferred 
into the 8295, the DE bit 


is reset and the IRQ is made active. 
Either 
event is used to 


tell the processor 
that 
DMA 
is complete 
and 
the 8295 is 


ready 
for the next block. 
It is not necessary 
to restrict 
the 


DMA 
block 
size to 40 characters, 
the Enable 
DMA com- 
mand 
parameters 
allow 
for up to 65k byte 
block 
sizes. 


The block 
size given the 8295 must 
reflect 
both 
data 
plus 


commands 
and parameters. 
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8295 
AP NOTE FIGURE Hl 


Z13D0 
ettl:12 


0031 
0031 


21330 ~5 
21331 C5 


2032 
2P.D020 


2035 7E 
2036 47 
2037 r[FF 


2039 
CA4A213 
203C lIB31 
21HE Wl2 


21:140 
C23C213 


2043 78 


2044 
D331 


2846 23 
2847 C3]~12B 


2134A Cl 
204B El 


204C C9 


USER SYMBOLS 


DATA95 A e031 


sT595 
A 0031 


3 ; S','STE~l WJHTb 


4 F'RI ~,:n EOU 
<:'JliI,jH 
~, IBF 
EilU 
l3ZH 


b STS9) 
[QU 
31H 


;' llATA95 
Ei)U 
31H 


; POINl ER STo~:nGE 
.I8f- 
f-LHG Mf6K 


; 82/:' 
STATUS REGISH:f; 
I'O~:T 
.885 
[)llIA ~'tt;ISTER 
FURl 


9 
Hl; 
11; F'RINT BUFFER UUTPUT SUBROUIWE 
- 
THIS ROUTINE PF:INIS 
TI:E l<UFf-E~: 


12; 51 A~:TING AT THE POINT[~: 
STORED AT PRT5k r. 
TfiE f.'OlJm~E 
RETUPtlS ,JHHI 
13. A 0FFH 
IS FETCHED f-ROt'lIHE 
BUFFE~', 


14 ; 
15 P~'INT 
16 


18 PRTl 
19 


213 
21 


22 PRT2, 


3~3 PEXIT : 
POP 


31 
POP 


32 
RET 


PUSH 


PUSII 
LHLD 


110V 


~10V 
CPI 


JZ 
IN 
ANI 


JNZ 


MOil 
OUT 
INX 


.1t'lP 


H 
o 
PREln 


R,. t'1 
B.A 
uFFH 
f'£:-:ll 


I~:F 


PF:T2 
fl., B 


['FiTA95 


H 
PF:fl 


,GET 
BUFFlR 
POINTER 


; GET CfIARfiCTER F~:C~'1BUFFER 


;SAVE 
Ii 
IN 8 


. IS 
IT THE 8UHER 
ENr,) 
; ',E.. 
GOE:~I[ 


; NO.. REnD 8295 
5 1ATtiS 


; LOOK AT IBF FLAG 
; I~AIT UNTIL ISF =,,! 
; fHOVER 
O:RRACTER 
; OUfF'UT TO 8295 
; BUI'lP BUHU 
POINTER 
; GET ND;T CHARRelIf' 


,RESTORE 
E:;C 
,f<:ESTORE HL 
,;RElURN 


1515-11 
3eSI3/8005 
r1AC~:OASSEt1£lU:.R, :~Hl8 


8295 
AP NOTE F I GlIRE 11 


2000 
9002 


0031 


0031 


3; 
:>'6TEI'1 ElUATES 


4 pRT5RT 
EOU 
20C'OH 


~ IBF 
E~j 
02H 


6 ST595 
EQU 
j1H 


7 DATA95 
EQU 
31H 
3.; 
9 .; 


Hl; 
R5T6 5 
INTERRUPT VECTOR LOCATION 
- 
JUMP TO PRINTER 
5U8~:GUTINE 
11; 


,POiNTER 
5TO~:AGE 


; 1BF FLAG MHSr 


,3295 
STATUS REGISTE~: POVI 


; 82:35 [JfiTfl 
~:EGISTER PORT 


0034 
12 
OR(J 
34H 


13 , 


0034 
C13e20 
14 R5T65 
J~1P 
PRINT 
; GO 10 PRINT 
ROUTINE 


1) 
.. 


16 
; 


2030 
17 
OR(J 
20ieH 


18 ; 


20ie 
E5 


2031 
F5 


2032 
2AOO20 


2035 
7E 


2036 
FEFF 


21138 CA452lJ 


2lJ3B D331 


203D 
23 


293E 
22DliJ2lJ 


2041 
F1 


2042 
E1 


2043 
FB 


2044 
C9 


2045 
3E0A 


2047 
30 


2848 
C34120 


19; 
PRINTER 
OUTPUT SUBROUTINE FOR ItiTE~:RUPT -DRIVEN 
5'6TEM 
- 
OUTPUTS 


20 ,CHR ponnED 
AT BY F'RERT. 
IF 
CHRIS 
0FFH .. THE BUFFER IS 
COMPLETE 


21; 
AND THE RST6. 5 INTERRUPT 
15 11A5kED. 
1HE I1AI N PROGRAI1 111.1STUNrlAS>: 


22; 
R5T6. 5 fiFTER 
IT 
BUILL'S 
A NEW BUFFER 
H:1NT 
BUFFH: 
STnlU5 
15 REFLECTEC' 


23; 
TO TilE 
MAIN PROGRA~l i::~'TlfE RST6. ~ MASk BiT 
IN RIM 
INSTRUCTION. 


24 .; 


25 PRINT' 
PUSH 


26 
pU~;H 


LHLO 
~loV 
CPI 


38; 


39 EXIT. 
MVI 


40 
51M 
41 
JNp 
42 ; 


43 
END 


H 
P5W 
PRTSF.:T 


A .. 11 


0FFH 


EXIT 


OATR95 


H 


PRERT 
PSI~ 


H 


,SAVE HL 


; SAVE P5H 


;Cil:.T BUi-FER POINIER 


,GET 
NEXT CHR 


,IE5T 
IF 
BUH:H: 
COI'lPLETE 


; ~'E5.. 
IjO Eim 
WITH I<ST I'1A5KE(:o 


; NO, OUTPUT CHI' TO 8295 


; 8UMP POINIER 


; RESTORE F'OINTER 


; RESTORE P5W 


; RESTO~:E HL 


; RE-ENABLE 
I Nn:.R~:I.IPTS 


; REI URN 


; MASk R5T6. 5 


;5ET 
INTERRUPT MA5K 


,GO EXIT 
WITH MASK IN PLACE 


PUBL I C SYI'IIlOLS 


EXTERNAL SYMBOLS 


USER SYI'tBOI..5 


DATA95 A 0031 
EXll 
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1 $I1OD85 
2 ,; 


3; 
s •••sTEI1 EQUATES, 


4 110DE57 
Wli 
38H 


5 CH3AOR 
EQU 
36H 


6 CH3TC 
EQlI 
:>?H 


7 IBF 
EQU 
92H 


8 5Ts95 
EQlI 
20H 


9 DATA95 
£~J 
20H 
10, 


11 
ORG 
2939H 
12 " 
13 ; l)~lfH)RIVE~1 
P~:INT 
ROUTINE 
- 
HIE 
MAW 
f'ROGRAM CALLS 
THIS 
SUBROUTINE 


14, 
RFTER WILDING 
A PRINT 
BliFFER 
AND TESTING 
THE 8~'95 
DE BIT 
FOR 


15; 
CJJMPLETION OF THE LAST [i/'lA ~:LOCl<1 RflNSFER 
THE STARTING 
ADDRESS 


16; 
OF THE PRINT 
BUFFER IS 
Pf1s5ED IN 
THE DE REGISTER 
PAIR. 
THE COUNl 
IN Be, 


;8257 
CONTROL PORT 


;8257 
CH3 ADR PORT 


;8257 
eH3 
TC PORT 


; IBF 
MA~ 


; 8295 
<;TA illS 
PORT 


; 8295 
I)HTA PORT 


0038 
0036 
0037 
0002 
0020 


9920 


17 ; 


2~30 
3E07 
18 PRINT: 
1'1'.'1 
fl.,0711 
; DIsA8Ll. 
I)MA eH3 


2832 
D3}::; 
19 
OUT 
MODES7 
; 8257 
CONTROL POP.T 


2034 III 
20 
t10V 
A,E 
;6£1 
A[)R LSB 


2~E5 D336 
21 
our 
ctGADR 
,;8257 
CH3 AD~: PORI 


~~37 7A 
,,-, 
t'lOV 
fl., l' 
,;liH 
ADR M58 
,,,- 


2038 
DI;C 
23 
OliT 
CH3ADR 
; 8257 
Cf!::; AD~: PORT 


293A 
3EFF 
24 
HVI 
A,lHII 
; I1AKE CH:; 'IC FFFFH 


2lGC 
D33, 
25 
OUT 
CH:::TC 
; 825? 
t;H:; 
IC PORT 


283E 
3E8F 
26 
11VI 
ft.. 98FH 
,;DMfI DII<EOWN 
IS ME/'IOR',' READ 
2M0 
D~~" 
...•.., 
OUT 
CHiTC 
.;82(5 
CH3 TC PORT 
j~{ 
"-i 
2042 
1638 
28 
R'n 
r',9SH 
,ENABLE 
rJ/1A COI'I~1ANli 10 8295 


2944 
CD5429 
29 
CALL 
OUT9'S 
; OUTPUT 10 82:15 


2947 
51 
3~3 
MOV 
D,C 
; GET L58 
OF COL~H 


2048 
CD5420 
31 
CALL 
OU195 
; OUTPUT TO 8295 


2E14B 59 
j2 
MOV 
(;. B 
; GET MsB OF COUNT 


204C 
CD5420 
~:.' 
CfiLL 
OUT95 
; OUTf'LiT TO 8295 


204F 
3EBF 
:::4 
11'.'1 
A,Ot'H 
; ENABLE CH3 L>MA 


2051 
D338 
35 
our 
MULoE57 
; 82:J/ 
CONTROL PORT 


2053 C9 
36 
RET 
;RETUkN 
-,: 
; 
~( 


2054 
li!l20 
38 OUT95 
III 
51595 
' READ 82~5 STATUS 


2~56 
£602 
j''j 
i':Nl 
IBF 
,LOOK AT 181' FLAG 


21358 C254213 
413 
m;: 
OUT95 
' WAIT lINllL 
It:F=ll 


21358 7A 
41 
~l1)V 
H,[J 
. GET DATA 


205C 
D32e 
42 
OUT 
DATfOS 
; OUTPIJI 
10 8295 
F'Ol':T 


205£ 
C9 
43 
RET 
; RETIjf;:N 


44 
.. 


45 
I:ND 


PUBLIC 
5W1BOLS 


EXTERNAL 5'r'MBOLS 


USER S'IMBOLs 


Figure 
12 illustrates 
an 8257/8295 
interface 
and Figure 
13 


shows 
example 
software 
for 
handling 
the 
system. 
This 
software 
assumes 
that 
the 8295 is doing 
the counting 
of 


the transfers 
hence the Terminal 
Count 
of the 8257 DMA 
channel 
is loaded 
with the maximum 
value while the 8295 


receives 
the actual 
block size. The 8295 simply 
stops mak- 


ing requests 
once the requested 
number 
of transfers 
have 
been made. 


Serial Interface 


In addition 
to the parallel 
interface 
options, 
the 8295 sup- 


ports 
a "stand-alone" 
serial 
interface. 
In this mode, 
the 
only 
communication 
with 
the 
main 
processor 
is via 
a 
serial 
link. 
This 
configuration 
is 
perfect 
for 
remote 
printer 
applications; 
only 
three 
wires 
are required 
com- 


pared 
to 12 or 13 for the parallel 
interfaces. 


The 
serial 
mode 
is envoked 
by 
simply 
grounding 
the 
IRQ/SER 
pin. See Figure 
14. The internal 
8295 software 
interrogates 
this pin upon 
power-on 
and reconfigures 
the 
function 
of several 
pins if it's grounded. 
The DACK/SIN 


pin 
becomes 
the 
serial 
data 
input 
(SIN) 
and 
the 
DR- 


Q/CTS 
pin becomes 
the hardware 
data 
holdoff, 
Clear- 
to-Send. 
The lower three 
Data 
Bus pins become 
the Baud 


Rate Select inputs. 
Note that it is necessary 
to ground 
CS 
and 
WR, 
and 
pull 
RD 
high. 
This 
enables 
the 
"input" 
direction 
of the Data 
Bus pins so that 
the 8295 may read 


the baud 
rate. 
All standard 
baud 
rates 
from 
110 to 4800 


baud 
are accommodated. 


After 
power-on 
the 8295 looks 
at IRQ/SER 
and 
if it's 


grounded, 
the 
data 
bus 
pins 
are 
read 
to determine 
the 


baud 
rate. 
Data 
from 
the 
serial 
input 
is requested 
by 


lowering 
CTS. CTS stays low until during 
the eight bit of 


the serial data character 
at which point 
it goes high (inac- 


tive). 
After 
the character 
is assembled 
and 
interpreted, 


CTS again 
goes active 
to request 
the next character. 
The 
8295 does 
not 
check 
for parity 
and 
characters 
with 
in- 
valid start 
bits or framing 
errors 
(stop bit wrong 
polarity) 
are ignored. 
CTS 
is normally 
connected 
to the UART's 


CTS 
input. 
An 
inactive 
CTS 
holds 
off 
the 
UART 


transmitter 
from 
transmitting 
characters. 


In serial 
mode, 
the command 
and 
data 
definitions 
still 
apply 
as in parallel 
mode. 
Commands 
and 
data 
may be 


mixed although 
commands 
take effect 
immediately 
when 


received. 


Figure 
15 shows example 
software 
to drive an 8251A Pro- 


grammable 
Serial 
Interface 
when 
connected 
to an 8295. 


This software 
is similar 
to Figure 
10 except it assumes 
that 


the 8251A has the same 
I/O 
port 
addresses 
as the 8295 


had in Figure 
9. Note that the TXE 
(Transmitter 
Empty) 


flag is used to load data 
into the 8251A transmitting 
both 
characters 
in the 
transmitter 
(the 
transmitter 
is double 


buffered) 
if CTS goes inactive. 
The TXE 
flag allows 
only 


one character 
at a time in the transmitter 
so CTS going 


inactive 
simply 
finishes 
off 
the 
current 
character. 
The 


8295 accepts 
only one character 
at a time. 


12 
DO 


13 
01 
PFEEo 


14 
02 
HOME 
15 
03 
MOT 


16 
04 
PFM 


17 
05 
STB 
Baud R.I. 
18 


"0 
06 
8295 
57 
PRINTER 
'" 
19 
INTERFACE 
300 
07 
56 
600 
'100 
55 
2'00 
+ 5V 


'BOO 
8 
AD 


'BOO 
54 


CS 
53 


10 
WR 
52 


36 
IROISER 
51 -- 


20 
VSS 


':" 


38 
SIN 


37 
CTS 


BAUD 
RATE 
SELECT 


40 
VCC 


26 
VPP 
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213D0 
8004 


B1331 
0031 


2e3e 
E5 


2B31 
C5 


21332 2AD020 


21335 IE 
2036 47 


21337 FEFF 


2039 
CA4A213 
2~nc DB31 


203E 
E604 


2e4e 
CA3C213 
2&n IS 


2844 
ti:m 


2tJ46 n 
2047 C33520 


2B4A C1 


21348 E1 


2B4C C9 


EQU 


6 5TS51 
EOU 


7 DATA51 
EQU 
8 ; 
9 
H}; 


11; 
pr.:I NT BUFFER oun'UT 
sUE:"OUTI NE - 
THI S ROUT!Nt 
f'R INTS 
[HE BUIT!:R 


12; 
STARTING fiT THE POINTH' 
STOREr· AT Fnsn 
fflE 
~:C~JfINE RETURNS WHEN 
13 ; A 8FFH IS 
FETCHED I'~'(~'jTHE 8Uf-FER 
14 ; 


15 PRINT 
PUSH 
H 


16 
PUS/,: 
17 
LHU' 
18 PRTl 
MO',' 


19 
r10V 


213 
CPI 


S' 
S'r'5TEfl EilijATES 


4 PRTSRT 
EOU 


21 
.J2 


"., PRT2 
IN 
~~ 


'-'1 
ANI 
.::..,) 


24 
f7.'- 


.-,e- 
MOV 
C-..J 
26 
OUT 
,,~ 
IN;'; 
.::.. .. 


28 
Jt1P 
~;:.; 


3B PEW 
f-'(JP 


31 
fOP 


32 
REl 
~~ 
;;..,) , 


34 
END 


2(I(:>I)H 


04H 
31H 


31H 


8 


PRTSRT 


fl., t'l 


B., A 


BFFH 


PEXIT 


STs51 
T"-t,l. 


PRT~ 
A,S 


Df;TA:'l 


H 
PF.:Tl 


; POINTH: 
SHIRAGE 
,'iiE 
FLflG t'tA:¥ 


,:,:251 
'0TAlUS 
REGISfER 
PDRT 


; 8251 
liiilA 
REGI~,iER 
PORT 


,SAVE 
HL 


; SAVE bC 


;GU 
BUFFER POINTER 


,IJET CHARACTER fTOfl 
BUFFER 


.' SAVE 11 IN B 


; IS 
IT 
THE BUFFEr: END' 


; ',E., 
GO E:'<IT 


,NO., "ftiP 
8251 
STHTl.i5 


;LOI~: 
AT 'XE FLfiG 


; WAIT UNTIL 
T;':E=l 


,RECOVER CHARACfER 


; OUTPUT TO 82':>1 


,BUMP BUFFER POINTER 


; GET NE:~T C!1Al<:f1CTER 


; FETORE 
BC 


;RESTOR!: HL 


.;RETIMl 


USER 5YI'IBOL5 


DATA51 AlliE! 
F'EXIT 
A 2134A 
PRINT 
A 2030 
PRTl 
A 2035 
PRT2 
A 203C 
PR15Rl 
H &J[)B 
51551 
A e831 


TXE 
A 13004 


For those readers using the 8295 as a design example for 
UPI software, the flow charts for the program are shown 
in Figure 16 and the 8295 source listing is included as 
Appendix 
A. 
(Machine 
readable 
source 
listings 
are 


available through Insite, the Intel User's Library.) As an 
aid to understanding 
this software, the following obser- 


vations can be made: 


I. The 8295 uses only Register Bank O.The function of 


registers R6 and R7 is determined 
by the mode. In 


parallel mode they are concantenated 
to form the 16 


bit DMA count 
register. In serial mode, 
R6 is a 


counter during character reception. 


2. Characters and commands are input from the Input 


Data register via the INPUT subroutine. The routine 
defines the input mode, fetches the data, and stores it 
in R2. If the DMA mode is enabled, the block count in 
R6 and R7 is decremented by the DECR routine each 
time 
a 
data 
transfer 
occurs 
until 
the 
count 
is 


exhausted. 


3. Characters 
are decoded by routine P6A which also 


detects any illegal characters by the INPUT routine. 
ROis assigned as the character buffer pointer and R4 
is designated as the buffer size limit. The commands 
which affect the buffer size will affect ROand R4. 


4. Command 
characters 
are 
decoded 
by 
the 
routine 
CMD. 
All command 
routines 
are referenced 
via an in- 


direct 
jump 
table. The command 
routines 
are easy to 
understand 
from 
the listing hence they are not includ- 


ed in Figure 
16 but simply 
referenced. 


5. 
Register 
R3 is the bit-oriented 
command 
register. 
Each 


bit of R3 represents 
an operating 
mode. 
This 
defini- 
tion is shown 
below. 


SOLENOID 
STROBE 
TIME 


RIGHT 
JUSTIFIED 
FLAG 


10 CHRIIN 
FLAG 


6. After 
the 
character 
buffer 
has 
reached 
its 
limit 


(RO = R4) or a CR character 
is received, 
the contents 


of the buffer 
are printed. 
Subroutine 
PRINT 
loads 
RO 


with the address 
of the character 
to be printed 
and R2 


serves as an index to keep track 
of the current 
column 


within 
the 
character. 
Subroutine 
CHAR 
determines 


which 
ASCll 
table 
is accessed 
by setting 
or clearing 
flag FO. 


7. Subroutine 
XS2 multiples 
the least significant 
5 bits of 


the ASCll 
character 
by 7. The result 
addresses 
one of 


the 
32 characters 
on 
Page 
I or 
2 of 
the 
Program 


Memory 
ASCll 
table. The column 
index, 
R2, is then 
added 
to the 
result 
to address 
the 
current 
column. 


Each 
character 
is represented 
by 7 bytes. 
R2 indexes 


thru 
each 
byte 
to 
select 
the 
appropriate 
solenoid 


information. 


8. Subroutine 
COL8 
fetches 
the 
solenoid 
on-time 
and 
off-time 
constants 
from 
a table 
starting 
at location 


OF8H. The time is represented 
by a hex number 
which 


is used as a loop counter 
in a software 
timing 
loop. 
No 
character 
input 
is allowed 
while printing 
is in progress. 


The 
8295 is an excellent 
example 
of what 
can 
be done 


with the UPI-4IA 
family. 
As a printer 
controller, 
it com- 


pletely 
relieves 
the 
main 
processor 
of 
all the 
real-time 


tasks 
associated 
with 
the 
control 
of 
the 
printer 
plus 


valuable 
system 
ROM 
space 
is not required 
to store 
the 
ASCll-to-dot 
matrix 
conversion 
table or the timing 
soft- 
ware since it's all done in the 8295 itself. As a UPI design 
example, 
the 8295 illustrates 
the variety 
of data 
transfer 


interfaces 
available. 
If the 8295 itself 
does 
not 
fit your 


printer 
controller 
requirements, 
feel free to modify 
the 


8295 software 
contained 
in this application 
note or that in 


AP-27 
and program 
your 
own 8741A. 


ASI'I48 
F1: 8295. SRC 
1515- II 
1t:S··48/lJ'H1 
IKRO 
ASSEI'IBlER, 'V2.9 
LRC 7B4ll SERIES PRINTER ~TR(l.LER 
S~E 
COOE 


1 $I'lOO42 TITLE( 'LRC 7B4ll SERIES PRINTER CONTROLLERSOl.EE 
COOE') 


2 
3 ;********************************************************_ 
4 ; ** 
8295 - LRC 7B49 SERIES PRINTER CONTROLLER 
** 
5 ; ** 
RE'V.9 FOR 7X7 CHARACTERMATRIX 
** 
6 ;************************************************************** 
7 
8 
9 
19 ; COPYRIGHT (C) 1978 
11 ; INTEL CORPORATION 
12;:5065 
BOWERSA't'E. 


13 ; SANTACLARA, CA 95851 
14 
15 
16 
17;************************************************************** 
18 .'** PAGEB CONTAINS THE rrUTIALIZATION SEQUENCE,THE OUTPUTII«l ** 
19 ; ** OF DATATO THE SOLENI005, 
THE SERIAL INPUT ROOTlIE:, TI£ 
** 
2B ; ** PAPER FEED ROUTINE.-AN> THE SOLENIOO FlRETII'lE ROUTll£ 
** 


21;************************************************************** 
22 
23 $EJECT 


1515- II 
IICS-48IUPH1 
I'KRO ASSEI'I3LER, "'2. 9 
LRC 7B4ll SERIES PRINTER umROLLER 
SOURCECOOE 


24 
25 
26 
27;****************************************************_****** 
~;** 
** 


29 ; ** 
;REGISTER ASSIGNI'IENTTABLE 
** 


D;** 
** 
31;***************************_********************_******* 
~;** 
** 


33 ; ** 
RB 
IhfUT 8UFFER POINTER 
** 
34 ; ** 
R1 
TEI'1PORARYSTORAGE 
** 


35 ; ** 
R2 
T~ARY 
STORAGE 
** 


36 ; ** 
R3 
COI'\IIlN) REGISTER 
** 


37 ; ** 
R4 
BUFFER 5IZE 
** 


38 ; ** 
R5 
TE~Y 
ST~AGE FOR DELAYROOTlNE ** 


39 ; ** 
R6 
LOWORDERD/IA CCUlTER 
** 


49 ; ** 
R7 
HIGH ORDER~ 
COUNTER 
** 


41 ; ** 
TI MER 
TEl'IPORARYSTORAGE 
** 


~;** 
** 


43;***********_*********************"********************_ 
44 


45 
46 $EJECT 


ISIS-II 
I'K:S-48/UPI-41 
IKRO 
A5SEIlBLER, ~'2. 9 
LRC 7949 SERIES PRINTER CONTROLLERSOURCECODE 


47 ; **•••*****************************************-*****.*** 
.;** 
** 


49 ; ** 
RAt! ASSIGIflENT HilLE 
** 


~;** 
** 


51 ;************************************************************** 
~;** 
** 


53 ; ** 
RAIl AOORESS 
FlKTilIl 
** 


~;** 
** 


55 ; ** 
00-97H 
REGISlER BAN<1 
** 


56 ; ** 
98-14H 
PROGRAIISTACK 
** 


57 ; ** 
15-1i'H 
TAB POSI1 ION STORAGE** 


58; ** 
1B-40H 
CfflRACTERBlfFER 
.* 


~;. 
** 


lie .;*******************••****••***••••••• *••**.****••****••****••* 
61 
62 $EJECT 


1515- I I PlCS-481IJPI-41 
MACROAS5EIlBLER, V2. 0 
LRC 7940 5ERIES PRINTER CONTRoc.LERSOURCECoo[ 


63 


64 .;.*••*.******************************************************** 
~;. 
** 
66 ; ** 
COI'II'lANDREGISTER DEFINITI ON 
** 


~;** 
** 


68 ; ************************************************************** 
~;. 
** 
79 ; ** 
BIT 7 
SERIAL IlOOE FLAG 
** 
71 ; ** 
BIT 6 
[)f'IA I'IOOEFLAG 
** 
72 .;** 
BI1 5 
DOUBLEWIDE FL~3 
** 
73 ; ** 
BIT 4 
32 COUJl'INSlLlNE 
** 
74 .;** 
BIT 3 
RIGHT JUSTIFIED PRINT 
** 
75 ; ** 
BITS 2, 1, 0 INDICATE SOLENOID III TIIE 
** 
n;** 
** 


77 ; ************************************************************** 
78 $EJECT 


ISIS- 
I I MCS-43/UPI 
-41 
r1ACRO ASSEMBLE~', 
'.12. I) 


LRC 713413 SERIES 
PRINTER 
CONTROLLE~' SOURCE CWE 


LOC 
OSJ 
SEQ 


13131313 
?9 


313 


81 


1313131302 
82 
HIlT 


00131 13A 
R~ 


131302 8208 
84 


13131348883 


,-,I:" 
,,:.,_1 


130136 0413E 
86 
~t13iJS 9A8F 
t:l PIlPA· 


e130A F5 
:::::: 


00138 [5 
89 


e0ec 
BB03 
9iJ 


HB0E 


.-...., 
~1 
CUl 
c..i 


1)0HF 90 
92 
00113 8C413 
95 CLEei:' 


Ijl312 
8813 
94 
RGAIN 


131314 r,~ 
95 
c:.i 


130V:o D7 
9f. 


(t016 
~4H 
97 CECa 


0(11;3 A2::: 
'4::: 


I)~IIA FC 
9S 
1)(118 l.'::: 
l~)O 
(1I)1C 9fE 
101 


11 '•.~ 


O~11E FE 
103 c't-'HIT 


~J011=" c:: 
1I)~ 


(1132137224 
1C15 


~j~t22t::::18 
1136 


CII:124 9AEF 
1137 ON 


l:u:t26 4626 
1138 r~HOflE· 


O~t2823413 
109 


tt02H 
54F::: 
110 
~t~12CBr:06 
111 
;irEp· 


0B2E 
Ft: 
112 


i,iti2F 
•.•.-,""!-;. 
li] 
ICo.):'- 


OCGl 
8nOB 
114 
tflOC! FO 
11~, L:HAR 
(ICt34 ::::5 
116 


0€(;;:5 
8238 
117 


13037 95 
118 


~3tG8 54ECt 
119 
PAGE 


BIOCA A9 
1213 
13(138 Fe 
121 


BCGC 1::23F 
122 


eIOGE 95 
123 
1303F F9 
124 
110TS 


131340 1478 
125 


131342 F8 
126 


13043 
-.:'24D 
12/ 


131345 23136 
1"~~.:. 
e(14i' 
vA 
12~J 


131348 lA 
130 
0049 
(}h~? 
1S1 
0048 
0452 
132 
l3Ij4D 2;' 
115 
RJP 


t'10V 


"101' 
..18: 


~lOV 


t'10V 


CLP 
.185 


CPL 


CALL 


MOV 


"10',,.' 


..185 


CPL 


t'10.' 


CALL 


MOV 


OUT 
D88., A; 
SET OBF 


IN 
8., P2 
,CHEn: 
SERIAL 
STRnp 


JB5 
PARil 


t,tOv 
Injj33H 
.' SET 
SERIAL 
t:lT 
IN CMl) 
mp 
CLPl 


ANL 
P2, #0E:F H 


EN 
f U·:C'S 
EN 
[it'lfi 
r~ov 
P::'. #(1311 


CU' 
A, 
CLEA~: CltlA BUS'r FLAG 


110'..' 
5TS, A 


1'10V 
F'4, jj4::lH .; IN I fI ALl:E 
HUFf [P 


fotOV 
P(t· #13H 
,1IHTIF:LIZE 
l'OrtHER 


CLR 
R 
,~:ESET 
~,Tf:CV Iu SAVE TABS 


'1(1', 
PSW. 11 
. ';T,~c:= I). ru 
FLAb5 
= 
(t 


t':U 
lIWUT 


CALL 
~L:fi 
; [{CODE 
[)liTA 


t,~O\,r 
~;. ~:.t 


'T'L 
R, FO 


He 
lHI) 


r'10\,1 
A. P:: 


riEl: 
[';;1, 
LOCHIE 
Lfi~,T CHPACTER 
INPUT 
IF 
R. J 


JE:~ 
OIl 
; 1~:HEcr FO~· PIGHT 
ju'01. 


1'10':' 
P(L #1:3fi; 
PR'WT 
FPO~1 1I1E ORIGIN 


ANL 
F'2, ~OErH 
; TUPN 
DP' I \IE 
NOl uP 
ON 


iNT 1 
tM:t,'IE 
' WAIT FOP HOt'IE S,mCH 


"10V 
fi, jj413H 
' STALL 


Cf:LL 
,IAIT 
p~, thJ6H 
; ~..J lJ)L. 
I Nl,E>:: 


A, F'3 
. CHECK FOP: PJ 


CHA.' 
, p' J TRUE 


P2 .. #00H, 
INDEX For 
NOH1 
PP:IN·,ING 


A. I~RI) 
. FETCH CIlARACTEr: 


Ftl 
: f-.j liETERmNE'O 
WfilCIl 
CHAI<:r:cTER TABLE 


PAGE 
F0 


PLA 
fl., P3 


NOTS 


I'Ll 


A.,Pl 


FIRE 


A.. 1'3 


RJP 


fi, #06H 


A., R2 


R2 


; PRINI 
COL 


; CHECK RJ 


CHAR 


LSTCfJL 


A 


APPLICATIONS 


I SI S- II 
IlCS-481UP H1 PlACROASSEI'IBl.ER, 112.9 
1>fllE 
6 
LRC 7B49 SERIES PRINTER CONTROUER SOJRCE COOE 


LOC 
DBJ 
SEQ 
SOIJ1CE STATEMEtH 


004E DR 
134 
XRL 
A,R2 


004F CA 
155 
DEC , 
R2 


0058 
9633 
E6 
JNZ 
CHIlR 


0052 B&.'i6 
137 LSTCOL. JF9 
A4 


0054 
1489 
138 
CALL 
COL8 


0056 
237F 
159 A4. 
I'tOV 
A,17FH 
; CLEAR STB & DATA PINS 


0058 
39 
149 
OUTL 
Pi, A 


0059 
2319 
141 
I'IOV 
A, t19H 


005B 54F8 
142 
CALL 
~IT 


005D FB 
143 
/'1011 
A,R3 


oo5E 7264 
144 
JB3 
RJ2 


0068 
FC 
145 
M01,' 
A, R4 


0061 
18 
146 
INC 
R8 
; I NCR POINTER 


0062 
0467 
147 
..IMP 
CK 


0064 
2317 
148 RJ2 
MOY 
A,117H 


0866 C8 
149 
DEC 
R8 
; DECR POINTER 


0067 
D8 
1513 CK. 
XRL 
A, RO 


0068 
962C 
151 
JNZ 
XFER 
; I<:EIURN.FOR IlEXT CHAR. 


€te6A 566A 
152 HOME 
JT1 
HOME 
; SEtlSE HOllE LO~P 


006C 2328 
153 
MOY 
A,I20H 
; STALL 
006£ 
54F8 
154 
CALL 
WAIT 


ee7B BA10 
155 
ORL 
P2, IHIH; 
STOP DRI VE MOTOR 


8872 
8412 
156 
..IMP 
AGAIN 
; NEXT LWE 


157 


e874 FB 
158 DMAIN 
PlOV 
A,R3 
; EXIT 
IF SERlfI. 
/'lODE 


0075 F27A 
159 
JB7 
SERROR , SERI fI. 
C1'1{)EI<:ROR 


8077 D677 
160 
INBUF. 
JrHBF 
INBlJF 
; WflIT FOR fl/'lA PARAI'lS. 


0079 
22 
161 
IN 
A,DBB 


B87A 93 
162 SERROR ~'ETR 


163 


164 


165 


oo7B 867F 
166 FIRE 
JF8 
SGLE 


Ba7D B9 
167 
IN 
A, Pl 
; C'.1./. HNI.l PREYI OUS COL 


oo7E 59 
168 
ANt. 
ft. Rl 


8e7F 39 
169 SGLE 
OUTL 
PLA 
. OUTPUT TO SOL. 


0080 
FB 
178 COL8' 
MOil 
A..R3 
. A GETS ON TII1E 


0081 43F8 
171 
ORL 
A,19FSH 


e8B3 A3 
1~" 
MOVP 
A, @A 
it. 


0084 53I3F 
173 
ANt. 
ft,leFH 


0086 8980 
174 
ORL 
Pi, 189H ; STROBE SOLENOIDS 
0083 54F8 
175 
CALL 
WAIT 
Be8A 997F 
1/6 
AIlL 
Pi, I 7FH; 
DI SABLE SOL 
STROBE 
ooBC FB 
1~~ 
MOY 
A,R3 
.;A GET OFf TIl1E 
if 


oo8D 43F8 
178 
ORL 
ft, teFSH 


008F A3 
179 
1'I000P 
A,~ 


0098 
47 
180 
SWAP 
A 


0091 
538F 
181 
ANt. 
A,laFH 
0093 2B 
182 
XCH 
11,R3 
91394 9299 
181 
JB4 
CHI 


0096 
28 
184 
XCH 
H,113 
0097 
849C 
185 
.IMP 
Cl:tl 


0099 
28 
186 CHl 
:<CH 
A, R3 
oo9A 83e6 
18? 
AOO 
A, te6H 
; IOCREASE BIAS FOR l~jl 


oo9C B6A3 
188 CON. 
JF8 
SING 
; SKIP 
IF 
SINGLE 


2-96 
AFN-00875A 


1515- II 
I'lCs-48IlJ'I-41 
PlACROASSEMBLER. 1/2. 0 


LRC 7ll41l SERI Es PRI NTER ~TROl.LER 
SOURCE CODE 


ll09E 
0314 
00All 
29 


9IlA1 
39 


00A2 29 


9IlA3 
44F8 


OOAS 9ABF 
00A7 9A 


00A8 F2A7 


OOAA B900 


OOAC BR99 


OOAE 99 


OOAF 74E0 
0081 9A 
0082 
F2A7 


0084 
BEe3 
l.lOO6 EEB6 


00B8 EACE 


000A BA40 
OOBC BE06 
l.lOOE EEBE 


OOC9 74E0 
00(.2 
74E0 


OOC4 9A 


OOC5 37 


OOC6 F2A7 
0OC8 F9 


OOC9 F7 


BOCA 537F 


llOCC AA 


OOCI) 93 


OOCE 74E0 
0009 
74E9 


9002 
BEe3 


9004 
EED4 


00D6 00 
0007 
9A 
9008 SSW 
OOOA 49 


OODB 67 
eooc A9 
סס oo 94BB 


OODF 9AFE 


OOE1 B99A 
fleE3 
2388 


00E5 54F8 


203 
204 
295 
296 


287 
298 
299 


219 
211 LZ: 
212 cotn 
213 
214 
215 1ol14' 
216 
217 
218 
219 
229 
221 


224 
225 
226 
227 


228 
LORD 


229 
230 


231 L1 
232 
233 
234 
235 
236 
237 
238 
239 


249 PF: 


241 


242 P3C 
243 


ROO 


XCH 
OIJTL 


XCH 


JI'1P 


; ADD 7 TO OFFTIME IF 
D. W. 


; SAllE PREYI OUS CO!. 


; SAllE PREll I OUS CO!. 


189 
199 


191 
192 


193 SING' 


194 


195 


196 ; ******************************************************* 
197; 
SERIAL 
ROUTINE.•ASSEMBLES THE DESIRED DATA FROM THE 


198. 
SERIAL 
INPUT AND PLACE THE (JftTA IN THE ACCUl1IJLATOR 


199 ,******************************************************* 
299 


291 
CTs: 


202 ONE' 


A,114H 


A,R1 
Pi,A 


A, R1 


WAIT 


AN!. 


IN 
'JB7 


1'1011 
~10~' 


IN 


CALL 


IN 
JB7 


I'lOV 
[,JNZ 


DJNZ 


ORL 


~1011 
[,JNZ 


CAlL 
CALL 


IN 


CPL 


JB7 


tlO11 
flLC 
ANI.. 


P2, 10BFH 
" REQUEST /CTs 


A, P2 
" LOOP UNTIL 
Sl ART BIT 
FOUNI) 
ONE 


Rt, 10 '; 
RESET TEMP REG 


R2. le9H 
; SET INDEX 


A, Pi 
,BIAS 


HBIT 
; WAIT 1/2 
C',UE 


A. P2 
• CHECK FOR START BIT 
ONE. 
IolRONlJ51HRT Bll 


R6,.103H 


R6..LZ 


~;2, LOAD; LOAI) THE EIGHT BITS 


P2, 14~H ; DISABLE 
lCTS 
R6,I06H 
; BIAS 
R6..1ol14; 
IolAIT 


Him 
HBIT 


A. P2 


A 
ONE 
A. Rt 


A 
A,I7FH 


R2.•A 


• CHECK STOP BIT 
; WRONGSTOP BIT 


CALL 
CALL 


1'101/ 
Dmz 
NOP 


IN 
Art. 


ORL 


RRC 


1'101/ 


.W.P 


He IT 


HBIT 


R6,le3H 


R6.L1 


A.P2 
A,I8eH 


A, R1 


A 


Rl. A 
COIn 


· INPUT SERIAL 
BIT 


; I'1fiSK 
BIT 


· ADD P~IIJI)IJS 
BITS 


ANl 


MOI/ 


MOIl 


CALL 


P2,IOFEH 
R1. 10ffi 


fl,lll88H 


WAIT 


ISIS- 
II 
IICS-481lfI-41 
I'KRO 
A5SEIIBLER, 
1/2. Il 


LRC 7948 
SER IES PRINTER ClIlTROlLER 
SIUCE 
CODE 


eeE7 
E9E3 
00E9 F8 


OOEA 26EA 


eeEC 
54f8 
OO£E 36E9 
OOF0 23F3 


OOF2 54F8 


OOF4 8Re1 
OOF6 93 


oor8 
OOF8 D4 
oor9 C5 
il!!FA 86 


OOFE A7 


OOFC 98 


OOFD 89 


OOFE 7A 


OOFF 6B 


01ea 
8100 00 
9Ull 85 
9Hl2 
E2 
9Hl~ BS 
91114 88 
al85 BE 
9186 liS 


9197 
E4 
010B 
EA 


9109 
C9 
ijU:A He 


919B 
88 
919C 
81 
9100 84 


91eE 
DE 
i:11eF 72 


0119 
72 
9111 
72 


9112 
F9 


9113 
All 


9114 
Fa 
9115 
F226 
9117 
37 
i:111S D21C 


011A 
8A411 


911C 
DelC 


247 
248 


249 
259 
251 
252 
P3F· 


253 
254 


255 
256 
',."57 


258 


259 
269 
261 
262 
263 
264 


265 .;******************************************>I!**************** 
266; 
PAGE 1 
INPUTS, 
DECODES, ANI) EXECUTES ro'II'IfN)S 
AND DflTA 


267 
:****.•.•.•**********'.***************************************** 


268 


244 
245 
IT9 


246 
m. 


280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 INPUT. 
294 


29'5 
296 
297 


298 
tlOOECR. 


D.1IlZ 


1'101/ 


JliTll 


CAlL 
.1T9 


R1, P3C 


A, Ril 
; DElflY ClIlTANT 
=Btff 
POINTER <1lltl TO 4et!) 
m 


WAIT 
; DELAY =1115 TO 2. 5I1S 


ITIl 
A, 19F3H 
; 5TFU 


WAIT 


P2, 191H 
; PF I'IOT~ 
OFF 


r1OIr' 


CAlL 
OR!. 


RETR 


9FBH 


9D4H 
OCSH 


9B6H 


llA7H 


98H 
89H 


7AH 


6BH 


; SOl 
III THE 
CONSTANTS 


;29005 OIl THE 
;249 
; 289 
; 329 
; DEFAlJl.T 


; 368 
.:499 
; 449 
·489 


(SOl 
ANI) eFFH) 
; AODRE5S FOR SET OUTPUT 1 


(S02 
All[) eFFH); 
502 


(ROl 
ANI) 9FFH) 
; ROl 


(R02 
ANfl eFFH) 
; R02 


(RESET 
All> 9FFH) 
; RESET 


(B32 
FlN[) 9FFH) 
; B32 


,84i3 
ANr' llFFH) 
; B40 


-:WCf 
ANI) 0FFH) 
,DloR)E 


-:SOI'1AANI) OFFH); 
5Df'IA 


iSSOL 
AN!'J llFFH) 
; 5501. 


(SlF 
AND 9FFH); 
SlF 


(I'\LF AND llFFH) 
; IILF 


<TOF AN) llFFH) 
; HF 


((Ii: AND eFFH) 
; CR 


(T1 
AND 9FFH) 
; Tl 


iT2 
AND llFFH) 
; T2 


m 
A'1l 9FFH) 
; T3 
(RJ 
ANI) llFFH) 
; RJ 


(55Ol. 
All> 9FFH) 
; SSOl 


1'10',' 


JB7 
CPL 
JB6 


0Rl 


JrUBF 


A,R3 
'mE 


A 
tfl)£CR 


P2, 14!lH 
; SET DRQ FOR DIfl 


tfl)£CR 
; 5fflRED 
BY PARAlLEL 
& DMA 


1Sl~- I I I'ICS· 48/UPHl 
I'IACRO ASSEMBLER.. ','2 0 


Lllf 
71:'413 
SERIES PRWTI:~ 
CONTROLLER SOURCE CWE 


0111: 22 


811F 
53i'F 
11121 AA 


8122 
3462 


8124 
FA 


8125 
93 


ll126 
04A5 


8128 
74Ell 


812A D24E 


012C 8250 
012E D$89 


flE09656 


0132 
8915 
0134 
BA03 
0U6 ~1 


13137 F24D 
131$9 D24D 
9138 i7 
BEC 17 
0ED 68 
Il13E 
Fl 


1313F E645 


13141 1~ 


8142 
EA36 
13144 FC 


0145 
A/1 
13146 BI3<:8 


B148 18 


B149 ~A 
014A D::: 


1314B 9646 
1314[i 93 


814E 
82~5 


8150 
FR 


0151 
A0 


13152 18 
8153 
54ED 


8155 
93 


0156 
B914 


0158 FA 


11159 17 
81'SA D9 


8158 
C668 


815D E953 


Ill51' 
93 


8160 
F9 


8161 
83 


8162 
FE 
816$ 
9678 


8165 
4F 


299 
IN 


3130 
AtlL 


301 
MO',' 


302 
CALL 


3133 
MDV 
$134 
RHR 


3135 ~'ME: 
H1P 


$06 


307 P6A· 
CALL 


308 
.lBG 


309 
..lB5 


:51'3 
XF.:L 


311 
nlZ 


312 
TRB. 
NO',' 


311 
t1Ol,' 


314 P6BB 
~IDV 


315 
JB7 


316 
J86 


317 
CPL 


518 
INC 
flY 
P,[{I 


i2e 
110',' 


521 
JNC 


.,..•."'\ 
illC 
~.::.c:: 
.,"'-,. 
fdNZ 
~c:.) 


324 SF'IIL 
NOV 


525 
~'6Aii: 
110',' 


326 RTAE: 
1'10',' 
,~~ 
INC 
,)c.( 


328 
MOV 


J29 
:;,J~L 


3].e 
JNZ 


331 TERROf'· 
PETF' 


332 
..,...,...,. 


CHECKS: .185 
,;;..::.,) 
]34 DATA 
1101/ 


:;35 
1M' 


336 
H~: 
~~~ 
CALL 
~.::.( 


37.8 
SEND: 
"UP 


i39 


340 CMr.·: 
110V 


341 
P7C: 
MOl,' 


342 
INC 
343 
:'iF.:L 


344 
JZ 


345 
DJNZ 


346 
Rm: 


347 
348 rOUND: 
t1DV 


349 
JMPP 


350 


351 
DECR: 
MO~' 


352 
JNZ 


353 
ORL 


A, ['E:B 


A, i7FH 
R2,A 


DECR 
fl.. R2 


; [iEe DI1A WJNT 
FOR [iMf: ,~ PfiRflLEL 


; DRTA 
SIORED 
IN 
A ,~ ilL 


; f!1:T ,t .:£5 TORE FLiiG5 


; SERIAL 
USE StJ:IAL 
INI·'UT ROUTINE 


SPCl" 
CHECK FOF.:SPECIAL 
CllSE CR 


Cf:ECK5 
[ii-:TA 
; CHECK FOR VALIli 
CHAP 


A, i09H;1 
AE: ? 


CI'l[i 
; CO~1t1AND 


Rl, U5H; 
f:1 GETS mBr I ] 
F.·2· i03H 
fl.,I~R1; 
CHECKTF:E: 


TERRO::" 
.' W1IT 
mE: 
Trj 
SI'lfi;! 


T[F'POP 


tl 


A 
H, f.o:O 


A, I~R1 
; F: GET TAE: LOG 


P6AA 
. ~ WD WHICH TAE: 
~'1 
,;2, PCBE: 


A, R4; 
EiiCEE[1 ALL TAB, 
FILL 
iN [;LiiNKS 
~:2.,A 
f~Rt1.#20H 


F.'0 


fl., R2 


A, PO 
; FILL 
HI lVir·lKS 


F.:TA3 


SEN[) 


A..R2 


@R0.A 


R13 
f'EON; 
SET SF'ECIK 
FLAG FOR LAST DfHA CHARACTER 


,,1. i14H 
,Rl 
EQ INCoEX 


A, R2; 
A GETS CMli 


A 
R,R1 
FOUND 
.•MAl CH .0' 


RL F'7C 


A, R1 


@A 
.•JUMP WOIRI'.CT TO CliD ROUTINE 


A, R6 


LARS 
; DEe R6, R7 AS REG. PAIR, RET ON e 


A. R7 


ISI5- II 
MCS-48/IJPI-41 
MACROASSEMBLER, ~'2. '3 


:.J:': 
.• 
- 
_•.•.EP _~_(~::: 
~':= 


0166 966F 
0168 28 
0169 5S8F 
016B 2B 


il16C 9'3 
€f16C,8A2e 


016F CF 
0ml 
CE 


0171 9] 


354 
.1HZ 
MIST 


355 
:><CH 
A, ~'1 
]56 
A~IL 
A,IOOFH 


357 
XCH 
A, R} 


358 
I'IDII 
5TS, A 


359 
01'1 
P2, 120H ; EN8bl • 
~rHF. ••.'t.;PT 
;';rf 


360 NRST· 
DEC 
R7 
361 LAPS· 
[:H 
[;6 


s62 
RETR 
]62 
364 


]65 "t******************u******u** 
366 ; COI'IMAtl{)LO~ 
tiP TABLE. 


367 ; HH***H********H***'I*****'I** 
368 


369 
]70 
T1 


371 T2 
0172 17 
372 n 
01n 53lE 
373 
(1175 0]15 
374 
0177 62 
375 STAB: 


13178 ]414 
~76 


017A €n18 


,""1'""1' 
~i { 


017C A9 
378 
eliD 
42 
379 
B17E 29 
38B 
017F Al 
i81 
e18e 9] 
382 
]83 


0181 85 
384 MlF 


B182 248A 
385 
386 
0184 97 
387 TOf 


8185 A7 
388 
B186 248A 
]89 


39'3 
0188 85 
391 SLF 


8189 95 
392 
818ft F69C 
]93 
LF. 


018C 8693 
394 


81SE 3414 
395 


B19il AA 
]% 


0191 C69!l 
397 
8193 14DF 
398 P12A 


0195 F69C 
399 
0197 B69!l 
400 


8199 EA93 
401 


e19B 93 
402 P12C 
019C 0A 
403 P128: 


819D 3293 
404 


819F 93 
405 
406 
81Atl 3414 
4B7 SSOl: 


81A2 28 
408 


. A = AWP OF Cf'ID JUMP IN CM[J1ABLE 
;f1=F.10Ril 


INC 
A 
ANL 
H..IBif{ 


AD[:! 
A.U5H 


MOil 
T. A 


CALL 
INPUT 


AW 
R.USH 
MOil 
P1.. A 


MOil 
A. T 


'1::H 
A,Rl 


MOil 
@RLA 


PETP 


; A=0, 1, OR 2H 
,MHSI: SIGNIFICANT BIlS 
ACCU~l= 15·16, OR 17H - (RAI'l LOCATIONS FOP TABS) 
; TEtlf' STORAGEFIJ( TA8 


CLP 
Hi 
· MULTIPLE LINE FEED 
JI'IP 
LF 


CLR 
C 
· TOP OF FORM 


CPL 
C 


Jr1l' 
LF 
; LFUiF 


CLR 
F'3 
,SINGLE LINE FEED 


CPL 
Fe 


JC 
P128 
, LFUTOF 


JFe 
P12A 
· SI Nl'JlE LF 
CALL 
INPUT 
MO',' 
1'2. A 


JZ 
Pl2C 
CAlL 
PF 


.Ie 
P12B 
JF0 
P12C 
DJHZ 
R2, P12A ; DECR I OF LINES 


RETP 
IN 
A.P2 


JBl 
Pl2A 
RETR 


CALL 
Itf'UT 
; FETCH SOL 
ON 
TII1E 


XCH 
A, R3 


2·100 


AFN-00875A 


APPLICATIONS 


ISIS-II 
I'l{;S-48/U'I-41 
Ift:I?O 
A5SEI1SLER, ~'2. 9 
PAGE 
11 
LRC 7949 
SEf"IES PRINTER CONTI?OLLEf"SOURCECODE 


LOC 
OSJ 
sEQ 
50UlICE STATEI'IENT 


e1A:! 53FS 
499 
fR 
A..IIllF~ 
.:CLEAf? PREll 
SOL 
TI ME 
91A5 68 
410 
ROD 
A..R3 


91A6 2B 
411 
~CH 
A..R3 


91A7 93 
412 
f"ETR 


413 


91A8 FB 
414 B7.2 
MOV 
A,R3 
; 32 CfflRACTER BUFFEr;' 


91A9 4319 
415 
ORL 
A, .1eH 


91AB 53DF 
416 
ANI. 
A, 'OOFH 
(11ftO ftB 
417 
1'10~' 
R3, A 


01AE BC39 
418 
P1011 
R4, .39H 
; 33 CHAII. 
ILINE 


91Bll 9412 
419 
JMP 
AGAIN 


420 


01B2 13A94 
421 S02' 
ffiL 
P2.,'l34H. 
SET GU2 


91114 93 
422 
RETR 
423 


0185 
8Re8 
424 SOl: 
ORL 
P2,'98H 
; SET G01 
91B7 93 
425 
RETf" 
426 


91B8 9AFB 
427 R02 
ANI.. 
P2..• 0FBH 
; RESET 002 
lllBA 
93 
428 
RETR 
429 
0188 
9AF7 
438 R01' 
ANI. 
P2, .0F7H 
,RESET G01 
91BD 93 
431 
RET!" 
432 
11lSE 89FF 
433 RESET 
ffiL 
Pi.. 'eFFH 
; RESET PORT 1 
11lca 23BF 
434 
I'lO\l 
A, 'BBFH 
91C2 3A 
435 
OOTL 
P2, A 
; RESET PORT 2 
11lC3 FB 
436 
~' 
AJ 1<3 
; RESET CMD EXCEPT FOR 5ERIAL 
& SOL 
81C4 5387 
437 
Atl. 
A, .87H 
Il1C6 AB 
438 
1'10\1 
RI· A 
91C7 94llE 
439 
JMI' 
CLR1 
; ClEAR 5TS & RESET sTfO: 


B1C9 1474 
448 ~~l/lA: 
CALL 
DI1AW 
i11CB AE 
441 
MOV 
R6, A 
; LOAD DI1A COUNTERS 
81CC 1474 
442 
CALL 
Dl1AIN 
Il1CE 9ADF 
443 
ANL 
P2, IllDFH 
.;CLEAR INT PIN 
9iD9 
AF 
444 
I'IO'~ 
R7, A 


e1D1 4E 
445 
0Rl 
A, R6 
Il1D2 C662 
446 
JZ 
DECR 
Il1D4 3462 
447 
CALL 
DECR 
111D6 2B 
448 
XCH 
A,R3 
Il1D7 4348 
449 
ORL 
A, .4llH 
; SET Dml FLAG 
91D9 2B 
459 
XCH 
A,IG 
91DA 2318 
451 
i'IO\I 
A..l1llH 
; SET FLftG FOR TELL HOST fJ!'IA 011 
lliDC 
ge 
452 
PUt' 
sT5 ..A 
11lDO 93 
453 
RETR 
454 
11lDE 42 
455 CR: 
1'10\1 
A, T 
,CHECK BtflX+1 
FLAG 
11lDF D39D 
456 
XRL 
A, IeDH 
,IF 
BlF 
PRINTED flITO, I«l CR 
81E1 9644 
457 
JNZ 
SPRL 
91ES 93 
458 
RETR 
459 
460 
Il1E4 FB 
461 B48 
1'10\1 
A,R3 
; 48 CIflRACTER BU'FER 
1l1E5 53CF 
462 
fH. 
A, teCFH 
ll1E7 
AB 
463 
1'10\' 
R3,A 
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ISIS-II 
/'ICS-48/UPI-41 
'ftCRO ASSEI'IBl.ER, V2. 8 
LRC 7949 
5ERI E5 PRI NTER CONTROLUR 5IX.lRCE GOOE 


LOC 
OBJ 
SEll 
SOlJ\'CE 5TATEI'lENT 


91E8 94111 
464 
JI'1P 
CLEAR 
465 
466 


467 
91EA 2328 
468 fAolllE· 
If.)\/ 
A,12!lH 
; DOOBlE WIDE PRINT I'lOOE 
81EC 4B 
469 
ORL 
A,R3 
; SET DW BIT 
91ED All 
479 
11011 
RI. A 
91EE 8818 
471 
1101/ 
R9, t13H; 
CLEAR BtfFER 
POINTEP 
91F9 FC 
472 
I'lOl/ 
A. R4 
811'1 [;21'6 
473 
JB6 
X8 
B1F3 BC2A 
474 
1I(lI,' 
R4.>12AH ; 32 CHAR BlfFER 
811'5 93 
475 
RET!<' 


011'6 BC2C 
476 X8 
mil 
R4, 12CH ; 49 CHAR Bl..fFER 


911'8 9J 
477 
PEW 
478 


911'9 FB 
479 RJ: 
MOV 
A, R3 
; SET RJ BIT 
IN CI'ID 
1I1FA 4398 
480 
ORL 
A.lOOH 
91FC AI:: 
481 
1'1011 
R3· A 
B1FD 93 
482 
~HR 
483 


484 
485 


486 .;***************************************************** 
4137 ; 
HBIT Sl..1BR.AN() THE DATA COIISTAtlTS ARE IN PAGE 3 


488 
;**********************.~****************************** 
489 


93E9 
498 
Ofi3 
3E8H 


491 
93E0 22 
492 HBIT 
IN 
fl, DBa 
; CHECK DBa FOR BUAD RATE 
03El 
43F8 
493 
ORL 
A, t!lF8H 
93E3 A3 
494 
/401lP 
A.IiA 


03E4 AE 
495 
1'10'" 
R6.A 
03E5 BF03 
496 LOOP! 
1'101/ 
P7,103H 
.;2511S PH' LOCf' PAIR 
83E7 EFE7 
497 LOOP;' 
ColN2 
~?,LOOP2 
93E9 EEE5 
498 
DJNZ 
~:6, LOOPl 
93EB 9A 
499 
IN 
R.P2 
B3EC 93 
::S.i8 
RETf< 
591 
B3ED f'300 
:002 spcp· 
:<RL 
A,leDH 
; CHECK CR FLAG. EXIT 
IF 
TRUE 
ll3EF 96F5 
503 
JNZ 
XCR 
831'1 34DE 
5e4 
CAlL 
CR 
83F3 BAFF 
505 
MOil 
R2,I0fFH 
; f{1 NOT EXECIITF CP THrr::- 
831'5 FA 
se6 XCR. 
1'101/ 
A, R2 
931'6 62 
587 
MOil 
LA 
831'7 93 
Sll8 
RETR 


5e9 


931'3 
518 
(l(G 
3F8H 


511 
931'8 82 
512 
DB 
982H 
; 118 BAUD 
831'9 84 
513 
DB 
B84H 
,150 
93FA 41.1 
514 
00 
4!lH 
j 300 
93FB 11' 
515 
00 
lFH 
; 600 
1.13FCBE 
516 
00 
0EH 
;1200 
93FD 96 
517 
DB 
96H 
; 2400 
93FE 92 
518 
DB 
92H 
; 4300 
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1515-11 
MC5-48/Uf'H1 
HRO 
A5SEt1BLER, 112 0 


LRC 7040 SERIES PI1INTER CONTROLLERSOURCECODE 


'519 
fiB 
02H 
; 4800 
520 


'521 ,;H'.***************~*******************,;.*****************'.* 
'522; 
OTflER THflN CHAR TABLE, WAIT AND 152 ROIJTINE5 mSTIN 
PAGE2 


52:? 
; *******************************,.*******t-****************** 
524 
82E0 
525 
02EC 531F 
'526 XS2 
02E2 A9 
527 
02E3 E7 
528 
~'E4 
E7 
529 
92E5 69 
530 
02E6 69 
531 
02E7 69 
5]2 


B2E8 6A 
53] 


02E9 B6F5 
534 


02EB E3 
535 


02EC 83 
536 


02ED FC 
537 PEON 
B2EE 08 
"~n 
·.'.50 
92EF 9f.F4 
539 
92F1 230D 
540 
l.l"ZF3 62 
541 


02F4 93 
542 FSPA 


54? 
544 
92F5 As 
~045 PAGE:?' 


02F6 85 
546 
92F7 83 
547 
B2F8 0006 
548 WAIT 


132FAEDFA 
549 COI·K 
02FC 07 
5se 
B2FD %F8 
551 
B2FF 93 
552 
553 
554 


555 


ORG 
All!. 


MOil 


RL 


RL 


ADO 


ROO 


ADf' 
Am 


JFB 
~.oVP3 
RET 


MOil 


XRL 
JNZ 
mv 


. MOV 


RETR 


2£tlH 
A. t1FH 


RLA 


A 


A 
fl. R1 


; FIND t Al\IIJ5T 
~.HARACTERINDl:X 


; I'IIJL.TlfH 
I NrIE:~ B',' 
7 


~, Pi 


R, R1 
R·P2 
PAf'£3 


A.@A 


A.R4 
RR0 
FSPA 


R· tOOH 


T.A 


110','P 
A,~ 


CLR 
F0 
RET 
I'IO~' 
R5,.te6H 


DJNZ 
R5, COO ,4BUS PER COUNTOF Ace 


DEe 
A 
JNZ 
IolAIT 


RETR 


556 
;******************************************** 
557; 
CHARACTERTABLE IN PRGE <: 


5S8; 
MSB IS 
IGI¥.JRED.DATR INVERTED 
559; 
SEE Ei.'AMPLE (A) 


560 ; *************** .•''t-*************************** 
561 
13200 
562 
O~'G 
290H 
563 
&200 41 
'564 
DB 
41H 
,;I~ 


92B1 3F 
565 
DB 
3FH 


0292 62 
S66 
DB 
62H 


92133 3F 
567 
DB 
3FH 


0204 62 
568 
DB 
62H 


B2B5 3F 
569 
DB 
3FH 


9286 43 
579 
fJ[! 
43H 


571 
B2B7 79 
572 
DB 
7011 
iA 
---**** 
0200 6F 
573 
DB 
6FH 
---*---- 
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APPLICATIONS 


ISIS- II 
/'1CS-48/IJPI-41 
I'tACROASSEPIlLER, ','2.8 
PAGE 
14 
ISIS- I I MCS-48/UPI-41 
MACROASSEMBLER. "'2.0 
PAGE 
15 
LRC 7048 
SERIES PRHnER 
CONTROLLERSOI.P.CEcorJE 
LRC 704a SERIES PRINTER C~TROLLER 
SOURCECODE 


LOG 
OB..! 
SEQ 
SOURCESTATEI1ENT 
LOC 
OBJ 
5EQ 
SOURCE~ATEMENT 


a209 
58 
574 
DB 
5BH 
--*---*- 
13239 7F 
629 
[iB 
7FH 
.;H' 


0213A 3F 
575 
DB 
3FH 
-*------ 
anA 
77 
630 
r.a 
77H 


8200 
58 
576 
DB 
5BH 
--*---*- 
e23B 7F 
631 
r,s 
7FH 


e20C €.f 
577 
DB 
6FH 
---*--- 
1323C 77 
632 
fiB 
77H 
1328fi 70 
57B 
DE: 
i'!3H 
----**** 
823D 7F 
633 
DB 
7FH 
579 
1323E 88 
634 
rJE 
OOH 


828E 3E 
58e 
DB 
3EH 
.;B 
635 


8M 
41 
5S1 
DB 
41H 
823F 7F 
636 
fiB 
?FH 
;I 


a2W 
3E 
~.s2 
DB 
3EH 
13240 3E 
637 
rJE 
3EH 


8211 77 


C"n~ 
DB 
77H 
~241 7F 
638 
fiB 
7FH 
<."''> 
0212 
3E 
584 
[.a 
3EH 
0242 
00 
639 
DB 
OOH 


e21~ 77 
585 
fiB 
77H 
8243 
iF 
6413 
DB 
7FH 


0214 
49 
586 
DB 
49H 
8244 
3E 
641 
DB 
3EH 
587 
e245 
7F 
642 
rRo 
;'FH 


8215 
41 
588 
CoB 
41H 
.;C 
643 


8216 
3E 
539 
DB 
3EH 
8246 
70 
644 
DB 
7DH 
, J 
0217 
7F 
590 
DB 
7FH 
024,' 7E 
645 
rJil 
IEH 


13218 3E 
591 
DB 
3EH 
8248 
7F 
646 
DB 
7FH 


0219 
7F 
592 
OB 
7FH 
8249 
7E 
647 
r,B 
7EH 


021A 3E 
593 
[.oB 
]EH 
824A 7F 
648 
DB 
7FH 


821B 50 
594 
DB 
5DH 
824B IE 
649 
roB 
7EH 
595 
824C 01 
650 
fiB 
81H 


e21C 3E 
596 
()EI 
]EH 
,o[' 
651 


e21D 41 
S9~ 
[lB 
41H 
8240 00 
652 
00 
OOH 
,o~ 
oaf 
3E 
598 
(:08 
JEH 
024E 7F 
653 
[JB 
7FH 


ftnF 
7F 
599 
[lB 
7FH 
ft24F 6F 
654 
[lB 
6FH 


8220 
3E 
fklO 
00 
3EH 
ll250 
77 
655 
DB 
nH 


8221 
7F 
601 
[if: 
7~H 
8251 
58 
6'56 
DB 
5BH 
02~'2 41 
602 
[JB 
41H 
8252 
70 
657 
DB 
7VH 


6K.~ 
0253 
3E 
658 
DB 
3EH 


1:1223(1(1 
604 
DB 
OOH 
.E 
659 


0224 7F 
605 
riB 
7FH 
ll254 
00 
660 
DB 
OOH 
8225 36 
6e6 
r.oB 
36H 
13255 7F 
661 
DB 
7FH 


~26 
7F 
607 
00 
7FH 
8256 
7E 
662 
roB 
7EH 
;L 
tt2~7 :;6 
601': 
rJB 
36K 
13257 i'F 
663 
00 
7FH 
8228 
7F 
6il9 
[if: 
7FH 
8~"58 IE 
664 
DB 
7EH 


~229 3E 
610 
[~ 
3EH 
8259 
7F 
665 
CoB 
7FH 
611 
825A 7E 
€.f.6 
DB 
7EH 
~22A 00 
612 
[if< 
ooH 
,oF 
667 


0228 7F 
613 
[.oB 
iFH 
8258 40 
668 
DB 
#.JH 
./1 


022e 
3i 
614 
riB 
37H 
0251: 3F 
669 
riB 
3FH 


022D 
7F 
f.15 
DB 
7FH 
8250 
Sf 
67ll 
DB 
SfH 


022E 3~ 
616 
DB 
37H 
e25E 67 
671 
riB 
67H 
822F 7F 
617 
DB 
7FH 
825F Sf 
6~~ 
DB 
SfH 
i< 


023e IF 
61B 
['B 
3FH 
0260 
3F 
67] 
DB 
3FH 


6U 
8261 
4!l 
674 
DB 
48H 
0231 
41 
620 
riB 
41H 
;G 
675 
~232 3f 
621 
[lB 
3EH 
8262 213 
676 
DB 
2llH 


0233 
7F 
622 
DB 
iFfl 
e263 
Sf 
677 
DB 
SfH 
;N 


ll234 
:<E 
623 
[JB 
3EH 
8264 6F 
678 
DB 
6FH 
8235 
7B 
624 
[.oB 
7BH 
e265 
77 
679 
00 
77H 


0236 
3E 
625 
DB 
3EH 
8266 
7B 
68e 
DB 
7Bfl 
e2~:7 59 
626 
DB 
59H 
8267 
70 
681 
DB 
7DH 
;;~' 
e268 e2 
682 
DB 
82H 
_<f 


0238 
00 
628 
DB 
0t1H 
683 


2-104 
AfN-00875A 


APPLICATIONS 


ISIS- 
II 
I1CS-48/UPI-41 
I'lACRO ASSEl'IBLER. 
112.& 
PArJE 
16 
ISIS- 
II 
I'lCS-48/IJPI-41 
I'lACRO ASSEP1BLER, '(29 
Pfl(;E 
17 


LRC 704ll 
SERIES 
PRINTER 
CONTROLLER SOURCE CoriE 
LRC 7949 
SERIES 
PRINTER 
CONTROLLER SOURCE CODE 


LOC 
DB.1 
SEQ 
SOURCE STATEMENT 
LOC 
DBI 
SEQ 
SOURCf STATEMENT 


8269 
41 
684 
DB 
41H 
;1) 
739 
926A 
3E 
685 
DB 
:5EH 
929A 
e7 
74& 
r'B 
117H 
,II 


026B 
7F 
686 
DB 
7FH 
&29B 7B 
741 
fiB 
i'BH 
1126C 3E 
687 
DB 
3EH 
829C 
7D 
i'42 
DB 
7DH 
1126D 7F 
688 
DB 
IFH 
&290 
7E 
74:5 
DB 
,EH 
1126E 3E 
689 
DB 
3EH 
1129E 7D 
744 
DB 
7DH 
826F 
41 
690 
DB 
41H 
1129F 78 
745 
DB 
,BH 


691 
82A€1 1ol7 
746 
DB 
&7H 
11278 00 
692 
fJ8 
OOH 
747 


0271 
7F 
693 
DB 
7FH 
;p 
1il2A1 81 
748 
DB 
111H 
9272 
37 
694 
DB 
37H 
&~'fl2 7E 
749 
DB 
7EH 
9"273 7F 
695 
foB 
iFH 
02A3 
7D 
750 
DB 
7DH 
11274 J7 
696 
fiB 
37H 
82A4 n 
751 
D8 
73H 
0275 
7F 
697 
f.oB 
7FH 
82A5 If< 
/52 
ri8 
7fJH 


11276 4F 
698 
DB 
4FH 
02A6 
7E 
7~O 
DB 
7EH 
;101 
I J_'" 


699 
ll2A7 
a1 
754 
D8 
ll1H 
0277 
41 
700 
DB 
41H 
;Q 
755 
0278 
3E 
791 
DB 
3EH 
0200 
3E 
756 
DB 
3EH 
;~ 


0279 
7F 
702 
fJ8 
7FH 
02A9 
:,[) 
757 
DB 
5DH 
1127A 3F 
7ij3 
DB 
3FH 
&2AA 6B 
;'58 
DB 
6BH 
027B 
7A 
7114 
fJ8 
7AH 
92AB 
·,'7 
759 
D8 
77H 


827C 
3D 
705 
ri8 
:5DH 
02AC 68 
760 
DB 
6SH 
827D 
42 
7% 
DB 
42H 
82A!) 
:0{) 
761 
f'8 
5DH 
1117 
ll2AE 
3E 
762 
f,B 
3EH 
1127E 00 
708 
08 
ooH 
;R 
763 
1127F 7F 
709 
DB 
7FH 
B2AF JF 
764 
fiB 
3FH 
·Y 
02811 37 
7111 
DB 
37H 
82Be 
5F 
765 
DB 
5FH 
0281 
7F 
711 
riB 
7FH 
82B1 
6F 
766 
DB 
6FH 
0282 
33 
712 
DB 
3~ 
B2B2 7e 
767 
f,8 
70H 
0283 
7D 
713 
DB 
7DH 
<1283 6F 
768 
08 
6FH 
0284 
4E 
714 
foB 
4EH 
f1284 5F 
7£.9 
DB 
:oFH 


715 
e2B5 3F 
770 
fiB 
3FH 
8285 
4D 
716 
DB 
4DH 
" 
771 


ll286 
36 
717 
DB 
36H 
02B6 
3E 
777 
DB 
3EH 
{(.:. 


0287 
7F 
718 
DB 
rFH 
8287 
7D 
?TJ 
DB 
7DH 
;2 


82B8 
36 
719 
DB 
36H 
fJ2B8 3A 
774 
foB 
3AH 
8289 
7F 
7211 
DB 
7FH 
8289 77 
775 
OS 
77H 
928A 
36 
721 
DB 
36H 
B28A 2E 
776 
08 
2EH 
11288 59 
7'/') 
DB 
59H 
0288 
5F 
777 
DB 
5FH 
~~ 
723 
e28C JE 
778 
[iB 
3EH 
1128C 3F 
724 
DB 
3FH 
779 
8280 
7F 
725 
DB 
7FH 
ll2BD 00 
;-'80 
fiB 
OOH 
.[ 
928£ 
3F 
726 
DB 
3FH 
B28E 7F 
;'E:1 
liB 
7FH 
ll2SF 
40 
727 
DB 
40H 
.;T 
02BF 
3E 
782 
DB 
3EH 
11299 3F 
728 
fiB 
SFH 
02efl7F 
7S3 
DB 
7FH 
11291 7F 
m 
DB 
7FH 
112C1 3E 
7B4 
f'E' 
3EH 
11292 3F 
730 
DB 
SFH 
82C2 
7F 
785 
DB 
7FH 
731 
02C3 7F 
786 
DB 
IFH 
829:5 91 
m 
liB 
111H 
.;1.1 


.'1"\'" 
iO, 
8294 
7E 
7:53 
liB 
7EH 
02C4 
3F 
788 
fif' 
3FH 
;\ 


8295 
7F 
734 
DB 
7FH 
82C5 
5F 
789 
DE: 
5FH 
ll296 
7E 
735 
DB 
7EH 
82C6 6F 
790 
DB 
6FH 
9297 
7F 
736 
DB 
7FH 
02C7 77 
791 
DB 
77H 
lI298 
lE 
737 
DB 
7EH 
02C8 
78 
792 
DB 
7BH 
B299 
91 
738 
DB 
Il1H 
112C9 7D 
793 
[Jf 
7DH 
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ISIS-II 
MCS-48/UPI-41 
MACROASSEM:3LER, V~. 0 
PAf..E 
18 
ISIS- 
I I 
MCS48/UPI 
-41 
MACROASSEMBLER, "'2.0 
PFr.£ 
19 


LRC le4B 
SERI ES PRI NTER CONTROLLE~:SOURCEcorJE 
LRC 7B40 SERIES PRINTER CONTROLLERSOURCECODE 


LOC 
OBJ 
SEt! 
SOURCESTATEMENT 
LOC 
OS'] 
SEQ 
SOURCESTATEI'IENT 


B2CA 7E 
794 
W 
7EH 
@311 7F 
849 
DB 
7FH 


"195 
B312 
1M' 
85@ 
DE 
eFH 


B2CB 7F 
796 
DB 
7FH 
; 1 
03B?F 
851 
DB 
7FH 


02CC 7F 
797 
DB 
7FII 
@314 7F 
852 
DB 
7FH 


02CD 3E 
798 
D3 
3EH 
853 


B2CE 7F 
799 
DB 
7FH 
0315 
6B 
8~;4 
DB 
6E:H 
;. 


B2CF 3E 
8B0 
r,E: 
3EfJ 
0316 
7F 
855 
00 
7FH 


0200 
iF 
801 
DD 
7FH 
0317 
00 
856 
00 
OOH 


B2Dl 
BB 
802 
DB 
B0H 
0318 
iF 
857 
DB 
iFH 


803 
0319 
00 
858 
liB 
0BH 


02D2 n 
804 
DB 
77H 
@31A 7F 
859 
DB 
lFH 


02D3 6F 
8B5 
00 
6FH 
031B 6B 
8G@ 
DB 
6BH 


02D4 SF 
8136 
DB 
:ifH 
861 


02D5 20 
807 
00 
20H 
031C 4D 
862 
DE: 
4DH 
; $ 


B2D6 SF 
808 
00 
5f-H 
0310 
36 
863 
DB 
36H 


\l2D7 6F 
809 
DB 
6FH 
B:m 
7F 
864 
[lB 
lFH 


02D8 77 
81@ 
DB 
77H 
B31F B0 
865 
DB 
BeH 


811 
03213 7F 
866 
DB 
iFH 


0209 
7E 
812 
DB 
7Et: 
0321 
36 
86/ 
01; 
~6H 


B20A iF 
813 
DB 
7FH 
0322 
59 
8G8 
OB 
59H 


02DB 7E 
814 
DB 
lEH 
869 


02DC IF 
815 
[\B 
7FH 
0323 
I~E 
870 
DB 
0EH 
;;~ 


B2W 
lE 
816 
DB 
?EH 
'.1324 7r, 
871 
DB 
7DH 


02DE 7F 
817 
DB 
;HI 
!B2'S BB 
872 
DB 
BBH 


e2DF 7E 
818 
foB 
7EH 
tt326 77 
87i 
DB 
7tH 


819 
fG27 68 
874 
DB 
68H 


:::2ft 
0328 
5F 
875 
DB 
5FH 


821 
~G29 38 
876 
r,B 
i8H 


822 
.j ******:l-**********:+:***********·~;:'*"*:+':f:* 
877 


823 " 
CHAR 
TABLE ON PflGE : 
B32A 49 
878 
DB 
49H 
; & 


824 
; 
MSB IS 
IGNOREr-.'[:-ATA W'v'ERTEr, 
IE2B 
36 
879 
DB 
36H 


825 
; 
SEE EXAMPLE (A) 
IN PAGE 2 OF RO~l 
B32C 7F 
88@ 
DB 
7FH 


826 ; ·~~'*********'+·~***"**~'************·I'*U'i. 
B32D 37 
881 
DC 
37H 


827 
e32E 5A 
882 
DB 
:>AH 


'.1300 
828 
OPG 
~0l:.lf4 
032F 
7D 
883 
Dll 
7DH 


829 
0n0 
72 
884 
DB 
72H 


0300 
{'F 
83f1 
r-B 
7FH 
; BLANK 
885 


13301 7F 
831 
[l[: 
i'FIt 
0331 
7F 
886 
[lB 
7FI: 


03'02 7F 
832 
DB 
?FH 
0332 
7F 
887 
DB 
lFH 


B303 iF 
853 
liG 
?FH 
0333 
7F 
888 
DB 
iFH 


03@4 7F 
834 
DB 
7Ff! 
0334 
BF 
e.'39 
DB 
BFH 
e3@'S 7F 
835 
DS 
i'FH 
0335 
7F 
890 
liB 
7FH 


13306 7F 
836 
r,B 
iFH 
Im67F 
891 
DB 
7FH 


837 
0337 
7F 
892 
DB 
7FH 
0307 
7F 
838 
[lB 
7FH 
; ! 
893 
03lJ8 7F 
859 
DB 
?FH 
e338 
iF 
894 
DB 
7FH 
0309 7r 
840 
DB 
7FH 
0339 
63 
895 
DB 
63H 
;( 


a30A 132 
841 
DS 
02H 
033A 5D 
896 
00 
5DH 


030B 7F 
842 
DB 
7FI: 
!l33B 
3E 
897 
DB 
3EH' 


B3!lC 7F 
843 
DB 
7FH 
e33C 7F 
898 
DB 
7FH 
11313D7F 
844 
DB 
ifH 
033D 7F 
899 
DB 
7FH 
845 
033E "1' 
900 
DB 
7FH 


!l30E 
7F 
846 
DB 
7FH 
901 


030F 7F 
847 
r,B 
7FH 
!l33F 
iF 
982 
00 
7FH 
;) 


~m0 
0F 
848 
DB 
8FH 
8340 
iF 
993 
DB 
7FH 
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ISIS-II 
I1CS-48/UPI -41 
I1ACROA5SEHBLER, Y2.8 
PAGE 
29 
ISIS-II 
MCS-48/IJPI-41 
I1AC.ROASSE/'Ill.ER, 
Y2. B 
PAGE 
21 


LRC 7B4B SERI ES Pk INTER CONTROlm: 
SOURCECODE 
L~:C 7040 SERI ES PRI NTER CONTROLLERSOURCECOOE 


LOC 
OBJ 
SEQ 
SOURC.ESTATEMENT 
LOC 
OBJ 
SEQ 
SOURCESTATEMENT 


9341 IF 
904 
D8 
7FH 
0371 7F 
959 
DB 
7FH 
9342 
3E 
9BS 
D8 
3EH 
9372 3A 
960 
DB 
3AH 
9343 
5D 
9% 
DB 
SDfl 
0373 77 
961 
D8 
77H 
9344 63 
907 
D8 
63H 
9374 2E 
962 
DB 
2EH 
9345 
7~ 
908 
DB 
7FH 
8375 7F 
963 
DB 
7FH 
999 
8376 41 
964 
D8 
41H 
0346 77 
918 
D8 
77H 
.'* 
965 
9347 50 
911 
DB 
SDH 
B377 7F 
966 
DB 
7FH 
; 1 
8348 68 
912 
DB 
6Bf: 
8378 5E 
967 
DB 
5EH 
8349 14 
913 
riB 
14H 
9379 7F 
968 
DB 
7FH 
934A 68 
914 
D8 
6BH 
937A 00 
969 
DB 
B0H 
934B 5D 
915 
DB 
5[lH 
937B 7F 
978 
DB 
7FH 


934C 77 
916 
DB 
7711 
fG7C 7E 
971 
riB 
7EH 
917 
93?D 7F 
q'~ 
rJ8 
7FH 
_. ~ 


0340 77 
918 
DB 
77H 
.'+ 
q7' 
- 
I ~ 
934E IF 
919 
DB 
7FH 
B37E ~oC 
974 
DB 
5CH 
.'> 
,c. 


834F 77 
928 
DB 
77H 
ImF 
3B 
975 
DB 
3BH 


9358 49 
921 
[l8 
49H 
0380 
7E 
976 
riB 
7EH 


3351 
77 
'1'1'1 
DB 
?7H 
0381 37 
977 
DB 
37H 
_c.o:. 


iJ352 7F 
q~' 
riB 
?FH 
e382 7E 
978 
DB 
7EH 
_c.,) 


e353 77 
924 
D8 
77H 
0183 ~7 
979 
DB 
37H 


925 
8384 4E 
98fJ 
riB 
4EH 


8354 
7F 
926 
DB 
7FII 
;, 
981 
835.5 7F 
q'>' 
D8 
7rH 
ij:;35 
3D 
~82 
riB 
3DH 
.•3 
_t:.i 


iG56 
7F 
928 
DB 
7FH 
iUS;;. 
7~ 
983 
riB 
7EH 


e357 7E 
929 
[lB 
7EH 
0387 
'F 
934 
DB 
2FH 


1E5379 
938 
DB 
79H 
9388 
,r 
985 
riB 
7EH 


8359 
7F 
931 
DE; 
lFH 
9389 2F 
986 
(i8 
2FH 


035A 7F 
932 
D!l 
?FH 
e18A 5£. 
987 
DB 
5t>1i 


Q'"')-' 
9388 
39 
988 
DB 
39H 
-',)~ 


935B lB 
934 
DB 
i8H 
989 


IB5C IF 
935 
[J8 
7fH 
1138C 78 
990 
DB 
78H 
.•4 


0350 
713 
936 
D8 
7BH 
838D 77 
991 
DB 
77H 


93SE 7r 
q'''' 
DB 
lFH 
es8E 6B 
992 
riB 
6BH 
_~i 


113~ 
is 
938 
DB 
7B/I 
838F 5F 
993 
DB 
SFH 


8369 
?r 
939 
DB 
iFH 
0390 20 
994 
D8 
2BH 


9361 
7B 
948 
rJ£ 
7BH 
11391 7F 
995 
D8 
7FH 


941 
0392 
78 
996 
DC 
?BH 


0362 
7F 
942 
DB 
lFH 
997 


8363 7F 
943 
DB 
7FH 
11393 OD 
998 
()8 
BOO 
.'5 
9364 
7F 
944 
[l8 
iFH 
11394 7E 
999 
rl8 
7EH 


8365 
7E 
945 
D8 
iEII 
13395 2F 
1000 
riB 
2FH 


9366 
7F 
946 
(is 
?FH 
0396 7E 
le01 
rJ8 
7EH 


9367 
7F 
947 
DB 
7FH 
9397 sF 
1l.l82 
liB 
3FH 


8368 
7F 
948 
DB 
7FII 
0398 6E 
1003 
r'B 
6EH 


949 
9399 
31 
1004 
DB 
31H 


8369 
7E 
958 
DB 
IEH 
.; ,/ 
1005 


936A 7D 
951 
DB 
700 
1339A 79 
1006 
DB 
7911 
.'6 


l:l368 7B 
952 
DB 
7BH 
1mB 
16 
11307 
[lB 
76H 


l:l36C 77 
953 
DB 
7lH 
039C 6F 
1008 
DB 
6FH 


8360 6F 
954 
DB 
6~H 
0391) 56 
Hl99 
DB 
56H 


iB6E 
5F 
955 
DB 
5FH 
939E 3F 
11318 
DB 
3FH 


936F SF 
956 
riB 
3FH 
iG9F 
76 
11311 
riB 
76H 


957 
133AB 79 
1'312 
DB 
79H 


0370 
41 
953 
DB 
41H 
ill 
1£113 
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ISIS-II 
MCS-43/IJPI-41 
MACROASSCMBLER, .,12. e 
PIG: 
,., 
ISIS- 
II 
IICS-48/11'1-41 
tlflCRO ASSEMBlU, 
','2.9 
fWJE 
23 
a 
LRC 7B4B SErIES 
PRINTER CONTROLLER SOURCE CODE 
LRC 7B4B SERIES PRINTER CONTROlLER SOURCE CODE 


LOC 
OBJ 
SEll 
SOlJRCE STATEMENT 
LOC 
OBJ 
SEQ 
SOURCE STATEMENT 


03Al 
31' 
1014 
DB 
3FH 


.~ 
1869 
" 
B3R2 71' 
Hl15 
08 
7FH 
9302 
7F 
1979 
DB 
7FH 
.j) 
tGA3 
38 
11316 
DB 
i8H 
83D3 7F 
le71 
DB 
7FH 
~33A4 /7 
1917 
DB 
77H 
93D4 JE 
len 
DB 
JEH 
03A5 2F 
Hl18 
DB 
2FH 
93DS 50 
19?3 
DB 
SDH 
B3A6 SF 
1019 
DB 
5FH 
93D6 6B 
1974 
DB 
68H 
03A7 SF 
lB20 
DB 
3FH 
93D7 77 
1975 
DB 
77H 
1021 
93D8 7F 
1876 
DB 
7Ffl 


B3A8 49 
1022 
08 
49H 
is 
1977 


03A9 J6 
lB23 
DB 
36H 
93D9 7F 
11378 
DB 
?H: 
;? 


03AA 7F 
11324 
DB 
?HI 
93DA SF 
1979 
DB 
SFH 


e3AB 3(, 
H325 
DB 
36H 
93DB 3F 
1138l! 
DB 
3Ff: 


B3Ae 71' 
1026 
DB 
7FH 
B3DC 7A 
1981 
DB 
7AH 
e3Ar, 36 
1027 
DB 
36H 
9300 37 
1982 
DB 
37H 
03AE 49 
1~28 
DB 
49H 
93DE 4F 
1983 
DB 
4Ff: 
1029 
83DF iF 
1084 
DB 
7FH 
03AF 41' 
11330 
08 
4FH 
.:9 
11385 


3:sr.e 37 
1031 
DB 
37H 
1986 
END 
03Bl 
71' 
1032 
D8 
iFH 


03B2 
36 
1013 
08 
3GH 


e3B3 /D 
1034 
DB 
7DH 


0384 
38 
UB5 
D8 
3BH 


13385 47 
1036 
DB 
47H 
1037 


03B6 
7F 
Hl38 
08 
7Ht 
03B7 
7F 
1'.139 
riB 
7FH 
.; : 


93B8 
7F 
1040 
DB 
7Ff! 
03B9 
68 
1041 
08 
6BH 


03BR 7F 
1042 
r,B 
7FH 


esBB i'F 
1043 
DB 
7FII 


03BC 7F 
11144 
DB 
7FH 


1045 


93BD 71' 
1046 
D13 
7FH 
.;.i 


03BE 7F 
1047 
OB 
7H: 


03BF 7E 
le48 
DB 
7tH 


03C9 69 
1049 
DB 
69H 


03Cl 
71' 
1050 
DB 
7FH 
03C2 7F 
1051 
DB 
7FH 


83C3 7F 
1052 
riB 
7FH 


1953 


03C4 71' 
1054 
DB 
7FH 
.: ( 


03CS 77 
1055 
08 
77H 


03C6 68 
1056 
OB 
68H 


IBC75D 
1057 
DB 
5DH 


03C8 3E 
11358 
DB 
3tH 


03C9 7F 
1059 
DB 
7FH 
03CA 71' 
1060 
l>B 
i'FH 


1061 
93CB 6B 
1962 
DB 
6BH 
,- 


03CC 7F 
1963 
DB 
i'FH 
93CD 6B 
1064 
DB 
6BH 
e3CE 7F 
1965 
DB 
7FH 


93CF 6B 
1966 
DB 
6BH 


93DB 7F 
1967 
DB 
7FH 


93Dl 
6B 
1968 
DB 
6BH 
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USER Syl'tP,QLS 


A4 
0056 
AGAIN 
0012 
B32 
01AS 
B48 
91E4 
C18 
0099 
Cf*lR 
0033 
CHECKS 814E 
CK 
8867 


CLEAII 
0018 
CLRi 
8l:lllE 
Cl'l) 
8156 
CCleסס oo 
CON 
009C 
CONT 
OOBS 
COIIX 
82FA 
CR 
81DE 


CTS 
OOAS 
DATA 
8158 
DECO 
0016 
DECR 
8162 
DMAIN 
0074 
DWOE 
B1EA 
FIRE 
907B 
FOlN> 
B16e 


FSPA 
02F4 
HelT 
03E8 
HOI1E 
ootoA 
INBtJF 
13077 
nUTסס oo 
INPUT 
B114 
Il0 
89E9 
lT1 
00EA 


L1 
0004 
LARS 
8170 
LF 
018A 
LOflD 
llllCE 
LOOP1 
03ES 
LOOP2 
IBE7 
LSTCCl 
!l852 
LZ 
l:lllB6 
It.F 
8181 
NIO£ 
0026 
HOOfCR 011C 
HOTS 
003F 
If"ST 
016F 
ON 
ll!l24 
ONE 
l:lllA7 
P12A 
0193 


P12B 
1l19C 
P12C 
0198 
P3C 
WE] 
P3F 
00F6 
P6A 
812B 
P6AA 
8145 
f'688 
8136 
P7C 
8158 


PAGE 
0018 
PAGE3 
82FS 
PAllA 
8008 
PEON 
82ED 
PF 
800F 
PRINT 
001E 
RESET 
81BE 
RJ 
81F9 


RJ2 
l:lll64 
RJP 
0041) 
R01 
1l1BB 
R02 
01BS 
RTA8 
0146 
5M1 
01C9 
SEND 
8155 
SER~ 
007A 


SGLE 
007F 
SING 
09A3 
SLf 
0188 
501 
01BS 
502 
8182 
SPCR 
03ED 
SPIlL 
8144 
SSCl 
81Ar1 


STAB 
0177 
T1 
9172 
T2 
8172 
T~ 
a172 
TAB 
8132 
TERROR B14D 
TOF 
8184 
W14 
l:lllBE 


WAlT 
82F8 
XlI 
91F6 
XCR 
81FS 
XFER 
002C 
XS2 
82Ee 
I'I'IE 
8126 
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NOTE: 
Refer to the updated application 
note Ap·97A "5·Volt Only Dynamic RAM Interface for 8086 Systems", January 1982, 


for the latest product information. 


Dynamic RAM offers a four-to-one 
size advantage over 
their static RAM counterparts 
in medium to large size 
memory systems. In a typical 8086 system with 128K 
bytes of memory, you would need over 256 IC's and 300 
square inches of PC board for a static memory array. 
The same memory array could be implemented with 68 
IC's 
and 
80 square 
inches of PC board 
if dynamic 
RAMs are used. 


Besides this obvious size advantage, 
dynamic RAM de- 
signs offer a substantial 
power dissipation 
advantage. 
For example, the 2142 static RAM requires 0.1 mW/bit 
operating power, while the 2118 dynamic RAM requires 
only 0.01 mW/bit. 


In the following sections we will show how to construct 
a complete dynamic memory interface 
for your 8086, 


8088, and 8089 systems, using the 8202 dynamic RAM 
Controller 
and the 2118 5-volt only dynamic RAMs. 


Dynamic memory systems can be divided into two cate- 
gories: I) those that use distributed 
(or asynchronous) 


refresh and 2) those that use hidden (or synchronous) 
refresh. Each type has advantages over the other type; 
your choice will depend on your system requirements. 


In a distributed 
refresh system the memory controller 


periodically 
requests 
a refresh 
cycle, typically 
every 


10-16 microseconds. 
Since the refresh request is asyn- 


chronous 
to the CPU's 
request 
for tbe memory, 
the 
memory controller 
must have logic to arbitrate 
the re- 


quests. Once a cycle starts, the arbiter must let that cycle 
complete before starting a pending cycle. The memory 
controller should also have circuitry which can force the 
CPU to add WAlT state if a memory cycle is requested 
while a refresh cycle is in progress. 


Hidden refresh designs use circuitry to monitor the CPU 
status lines, and request a refresh cycle when the CPU is 
not performing a bus cycle with the dynamic RAM. For 
example, a hidden refresh cycle can overlap an instruc- 
tion fetch from ROM. If the hidden refresh cycles are 
performed 
frequently 
enough, the dynamic memory is 


always ready when the CPU requests a memory cycle, 
and no WAIT states are required due to arbitration. 


Some 
memory 
systems use a combination 
of asyn- 


chronous 
and hidden refresh. For example, many real 


time systems allow a processor to enter a HALT state 
(which stops program 
execution) while waiting for an 


interrupt. 
During this time, the hidden refresh circuitry 
is inactive, and the asynchronous 
refresh logic inserts 


the necessary refresh requests. The Intel 8202 Dynamic 
Memory Controller 
provides a complete memory inter- 


face for your dynamic RAM. It can be used in synchro- 
nous and asynchronous 
refresh systems, and provides 


automatic 
switching between these two modes. 


Quick Review of 8086 Family Bus Timing 


There are three basic 8086 family system configurations: 


I) Minimum Mode 
2) Maximum Mode 
3) Alternate 
Configuration 


The 8086 has a MN/MX 
input which can be strapped 


high to select Min Mode, and grounded 
to select Max 


Mode. 
The MN/MX 
input 
changes 
the function 
of 
several other 8086 pins based on how it is strapped. 


In the Min Mode, the CPU generates the RD and WR 
outputs directly. The Max Mode uses an 8288 to gener- 
ate the 8202 RD and WR signals from the CPU status 
lines. Refer to the "8086 Family Users Manual" 
for 


more details. 


The Alternate Configuration 
uses several TTL gates and 


flip-flops and the CPU status outputs 
to generate the 


8202 RD and WR signals. The Alternate Configuration 
can be used when the CPU is strapped in either the Min 
Mode or the Max Mode. Each of the three basic system 
configurations 
can be used with data buffers for addi- 


tional drive capability. 


Regardless of the system configuration, 
each 8086 fami- 


ly bus cycle consists of four clock cycles, if no WAIT 
states are required. WAIT states can be used to extend 
the basic bus cycle, and thus allow the use of slower 
memories. 


We will see in the following sections that the Min Mode 
will offer the lowest chip count, the Max Mode will of- 
fer better performance, 
while the Alternate 
Configura- 


tion will offer higher performance 
at the expense of 


several TTL packages. 


, 


8202 Read Cycle Timing 


The 8202 uses its clock to sample the (asynchronous) 
READ requests generated by the CPU. When the RD 
input is sensec! active, the 8202 will generate 
a RAS 
strobe and CAS strobe as shown in Figure I. The RAM 
uses RAS and CAS to latch the CPU address and read 
the desired location onto the RAM data output pin. The 
8202 also generates an XACK strobe which is used to 
latch the RAM data for the CPU, as shown in Figure 2. 
(See "READY 
HANDSHAKE 
SIGNALS" 
for further 


uses of XACK.) 


We can 
determine 
the amount 
of time 
it takes 
to 


generate valid READ data by calculating the delay from 
RD~ to CAS~, and add this with the RAM's CAS access 
time (tcAd 
and the latch's propagation 
delay. In other 


wqrds, 


tRLDV=tcc, MAX,(8202) + tCAC (2118) 


+ tpHL (74LS373) 


"H~==-=--'.AC--.'_/ 


Since the tcc 
parameter 
is a function 
of the 8202's 


operating frequency, we can minimize tRLDVby running 
the 8202 at the highest possible frequency. We can also 
reduce tRLDVby choosing a RAM with a faster CAS ac- 
cess time. Table 1 shows the minimum 
tRLDV for the 


various RAMs, based on the maximum 8202 frequency 
for that RAM. If system constraints force you to choose 
a slower 8202 operating frequency, then your tRLDVwill 
increase, which may slow down your CPU. 


RAM 
TYPE 
IRAe 
'cAe 
IRlDV1 
ICAI 
tAlut 
ICC.MIN,·2 
'MAX 


2118·3 
100 
55 
280 
80 
445 
125 
25.00 


2118·4 
"0 
.5 
290 
80 
445 
125 
25.00 


2118-7 
150 
80 
310 
81 
45. 
". 


24.24 


2117-2 
150 
100 
325 
80 
445 
125 
25.00 


2117·3 
200 
135 
361 
80 
44' 
". 


24.69 


2117-4 
250 
165 
407 
85 
488 
13. 
22.22 


~ 


nsee 
nsee 
nsee 
nsee 
nsee 
osee 
MH, 


In order to operate with no WAIT states, our memory 
system shown in Figure 3 must guarantee valid READ 
data within: 


tRLDV .;; 2 tCLCL(CPU) - tCLRL.MIN (CPU) 


- tDVCL,MIN (CPU) 


Table 2 lists these times for various CPUs, operating at 
5 MHz and 8 MHz. If your system has any additional 
buffers for the RD, WR, or data lines, you must sub- 
tract their propagation 
delay from the tRLDVvalues in 


Table 1 to derive your system access requirements. 


RD 


WR 


CPU 


RD 


WR 


8202 


Now we merely' have to compare 
our system require- 
ments from Table 2 with the memory access times in 
Table 1 to see if our RAM speed selection and 8202 
operating 
frequency 
will work in our system with no 
WAIT states. If our system requirement 
is too fast for 
our first choice memory configuration, 
we will have to 
choose either a faster RAM, or add WAIT states. 


If you choose to run with WAIT states, you can multi- 
ply the CPU clock period 
by the number 
of WAIT 
states, and add this number to the tRLDVvalues in Table 
2 to derive your new CPU access requirements. 
For ex- 
ample, a 5 MHz 8086 Min Mode configuration 
with no 
WAIT states requires a read access time of 205 nano- 
seconds, 
while the same configuration 
would need an 
access time of only 405 nanoseconds 
if we operate with 
one WAIT state. If we examine Table I, we see that 
there is no RAM configuration 
which can run without 
WAIT states in a 5 MHz 8086 configuration; 
but we can 
use any 2118 speed selection if we operate 
with one 
WAIT state. 


MIN MODE 
MAX MODE 


8088·2 
8088 
8088 
8088·2 
8088 
8088 
8089 


fcpu 
8 MHz 
5MHz 
5MHz 
8MHz 
5MHz 
5MHz 
SMHz 


IRlOV 
130 
20S 
20S 
'.S 
33S 
33S 
33S 


tFlLOV, 
209 
3<S 
3<S 
209 
3<S 
3<S 
415 


Read Access Time (Max Mode) 


Figure 4 illustrates the standard unbuffered 
Max Mode 


configuration. 
In order to run with no WAIT states, we 
need to guarantee a READ access time of 


tRLDV= 2'tCLCL(CPU) - tCLML,MAX(8288) 
- tDVCL,MIN(CPU) 


These times are listed in Table 2 for the various CPUs, 
operating at 5 MHz and 8 MHz. If your system has buf- 
fers on the RD, WR, or data lines, you must subtract 
their propagation delay from the tRLDVvalues in Table 2. 


If we compare 
the Max Mode tRLDV requirements 
in 


Table 2 with the Min Mode requirements, 
we notice that 
the Max Mode can run with a memory configuration 
that is 130 nsec slower than the memory required for an 
equivalent Min Mode configuration! 
In fact, all 5 MHz 


Max Mode CPU configurations 
can operate 
with no 


WAlT states in any of the 2118 memory configurations. 
Even the 8 MHz 8086-2 configuration 
can operate with 


all but one RAM configuration 
(2117-4) with only one 


WAIT state. This illustrates the advantage of using the 
M~ 
Mode and the 8288 to generate the RD signal for 


the 8202 when compared with the lower chip count Min 
Mode. 


We can reduce our memory speed requirement even fur- 
ther by using the Alternate 
Configuration 
shown in 


Figure 5. This circuit uses the CPU status information 
to generate 8202 l~D and WR commands 
which start 


earlier in the memory cycle than either the Min Mode or 
the Max Mode. As previously stated, the Alternate Con- 
figuration 
can be used when the CPU is strapped 
in 


either the Min Mode or the Max Mode. 


The access requirement for the Alternate Configuration 
is 


tRLDVl= 2 tCLCL(CPU) + tCHCL,MIN (CPU) 
- tCHLL, MAX (CPU) - tCVCL,MIN (CPU) 
- tpHL (74S74) 


Table 2 lists these times for various CPUs operating at 5 
MHz and 8 MHz. Note that in every configuration 
ex- 


cept one (8086-2 Max Mode Alternate 
Configuration), 


the 
memory 
READ 
access requirement 
is reduced. 


Hence, we can use slower memories when we use the 
Alternate 
Configuration 
in all but this one configura- 


tion. In general, the Alternate 
Configuration 
offers a 


significant advantage over the standard Min Mode, but 
little advantage over the standard Max Mode for READ 
cycles. 


8202 Write Cycle Timing 


8202 WRITE 
cycles have tImmg 
similar 
to 
READ 


cycles, except the WE line is pulsed for the WRITE cy- 
cle; all other signal times are the same as a READ cycle. 


There are three types of dynamic RAM Write cycles: 


a) Early Write 
b) Late Write 
c) Read-Modify-Write 
(RMW) 


If WE+ precedes CAS+ by at least twcs, then the cycle is 
an early-write cycle, and the RAM data output will re- 
main in its high-impedance 
state for the duration of the 


cycle. If WE+ occurs later, then the data output 
can 


leave its high-impedance 
state, 
and must be isolated 


from the CPU data bus via the RAM data latch used for 
READ cycles. 


The dynamic 
RAM uses the WE and CAS signals to 
strobe the WRITE data into the RAM. If WE+ precedes 
CAS+. as shown in Figure 6, then the data setup and 
hold times are measured relative to CAS+. and the cycle 
is called an "early-WRITE" 
cycle. If the CPU starts a 


WRITE cycle by driving WR active. and does not let 
WR go inactive until CASt, 
then the 8202 will always 


perform an early-WRITE 
cycle. 


The following three sections will illustrate 8202 WRITE 
cycles for Min Mode. Max Mode. and Alternate 
Con- 
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figurations. 
In most cases, we will use the 8202 early- 


WRITE configuration. 
However, in some cases, we will 


use a late-WRITE 
or READ-modify-WRITE 
8202 con- 


figuration to prevent the RAM from storing the wrong 
information 
from the CPU's multiplexed address/data 


bus. In each case, we will examine the early-WRITE 
configuration 
first to see if the WRITE cycle will have 


adequate data setup and hold time for the RAM. 


The tWLOVdata setup times for the various CPU con- 
figurations 
are listed in Table 3. In order to use the 


early- WRITE 
configuration 
of 
the 
8202, 
we must 


guarantee: 


tWLDV,MIN (CPU) + tee, 
MIN (8202) = 


tos. MIN (RAM) 
(Equation 1) 


If this condition is not met by our system, we will have 
to either 
1) Delay the 8202 WR signal, which will cause CAS.j, to 


occur later in the bus cycle; or 


2) Disconnect the 8202 WE signal from the RAM, and 


generate 
a delayed WE, that goes active after the 


WRITE data becomes valid, but not so late in the cy- 
cle that the RAM's tewL parameter 
is violated. 


The first alternative can be accomplished using the cir- 
cuits shown in Figure 7. Both of these circuits will in- 
crease the tWLOV, MIN values listed in Table 3 by an 
amount of time based on the CPU clock. 


Figure 8 illustrates 
a method 
of generating 
a delayed 


WE for the RAM using the 8288 MWTC signal, while 
starting the WRITE cycle with the 8288 AMWC signal. 
This circuit has the advantage 
of allowing the 8202 to 


respond 
with 
SACK.j, early enough 
to prevent 
any 
WAIT states in certain configurations. 
For this reason, 


the second alternative (Figure 8) is more favorable over 
the first configuration. 
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MODE' 
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MODE 
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CONF. 


8 MHz 
8 MHz 
8 MHz 
5 MHz 
5 MHz 
5 MHz 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 
IWLDV 
_501 
25' 
-50 
60 
-45 
60 
-100' 
25' 
-100 
100 
-70 
85 


I 
IOHADV 
265 
265 
265 
420 
420 
420 


8088 
8088 
8088 
8089 
8089 
MAX 
MODE' 
MIN 
MODE 
ALT. CONF. 
MAX 
MODe' 
ALT. 
CONF. 
5 MHz 
5 MHz 
5 MHz 
5 MHz 
5 MHz 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


I 
IWLOV 
_100' 
20' 
-100 
100 
-70 
85 
-1001 
25' 
-70 
85 


I 
IOHADV 
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420 
420 
420 
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We also need to check the system data hold times for 
each of the configurations 
to insure that the RAM's 
data hold time (tow 
is met. Table 3 lists the tOHAOV 


(data hold after data valid) times for each of the various 
CPU configurations. 
In order to meet the RAM's data 


hold time, we must guarantee: 


tOHAOV,MIN~ tWLOV,MAX+ tee, MAX 


+ tOH,MAX 
(Equation 2) 


If this condition is not met, you will have to either insert 
WAIT 
states to extend the tOHAOV, MAX values, or 


generate your WE ~ transition 
earlier in the bus cycle. 
The latter can be performed by using one of the alterna- 
tives listed above, provided the RAM's data setup time 
is still met. 


WRITE Cycle Timing (Min Mode) 


If we examine 
tee, 
MIN for various 
8202 clock fre- 
quencies, we find that tee ~ 125 nsec. Comparing 
this 


result with Table 3, we see that the condition 
required 


by Equation 
I is always met for the unbuffered 
Min 


Mode configuration, 
but just barely. For example, sup- 


pose we had a 5 MHz 8086 Min Mode system using 
2118-3's (tos = 0 nsec) with a 25 MHz 8202; Equation 
I 


becomes: 


tWLDV,MIN+ [(tpH + 2tp + 25) - tos) 
= -100+ 
[(20+ 80+ 25)-0) 
=25 nsec 


Therefore, 
we would have 25 nsec of data setup margin, 


so we can use the 8202 early-WRITE 
configuration. 


Suppose 
our configuration 
had a data bus buffer as 


shown in Figure 9a. We would have to subtract 
the 


propagation 
delay of this buffer from Equation I; if this 
delay is greater than 25 nanoseconds, 
then we cannot 


use the 8202 early-WRITE 
configuration. 


RD 


WR 


CPU 


RD 


WR 


8202 


Next, we need to examine 
our system to insure the 


RAM's data hold time is met. For the same system con- 
figuration, 
we can solve Equation 
2: 


tOHAOV,MIN ~ tWLOV,MAx+tee, 
MAX+tOH 


= 100+ (tPH + 3tp + 85) + 25 
= 350 nsec 


Examining Table 3, we see that Equation 
2 is satisfied 


with 70 nsec of margin. If we added any data buffers to 
our system, this margin would increase; if we buffer the 
8202 WR input, this margin will decrease. 


Write Cycle Timing (Max Mode) 


Let's see if we can get an 8 MHz 8086-2 Max Mode 
system to operate with 2ll8-4's 
in a 25 MHz 8202 early- 


WRITE configuration 
as shown in Figure 9b. Solving 


equation 
I, we find: 


tWLDV+ [(tPH+ 2tp + 25) - tosl- 
tlVOV(8286) 


= - 50+ [(20+ 80+ 25) - 0)- 35 
=40 nsec 


so we see we can use the early-WRITE 
configuration. 


Had we chosen a 5 MHz 8086 Max Mode configuration, 
we see from Table 3 that tWLOVwould decrease by 50 
nanoseconds, 
which means we would not have adequate 


data set-up time. 


Write Cycle Timing (Alternate Configuration) 


In general, the Alternate Configuration 
offers little ad- 
vantage over the standard Min Mode or Max Mode, ex- 
cept in the earlier generation of the READY acknowl- 
edge signals, SACK and XACK. In some cases, using 
the Alternate Configuration 
will force you to generate a 


delayed WE signal, since the 8202 WR signal goes active 
earlier in the bus cycle for the Alternate 
Configuration 


than it does for either the Min Mode or the Max Mode. 
So, unless you need to speed up your READY signal to 
reduce unnecessary WAIT states for WRITE cycles, the 
Alternate Configuration 
for WRITE cycles may not of- 


fer any performance 
advantage 
for your system. 


Handling a·Bit Write Cycles in 16·Bit Systems 


Systems which perform 8-bit WRITE cycles in II 16-bit 
memory array require a slight modification 
of the WE 


control 
described 
previously. 
The memory 
must 
be 


broken into two 8-bit arrays with separate WE control, 
as shown in Figure 10. 


CPU signals AO and BHEN determine the type of bus 
cycle to be performed. 
If AO=0, then the even byte is 


transferred 
on ADO-7; if BHEN is active, then the odd 


byte is transferred 
on AD8-ADI5. 
A word transfer 
is 
performed 
when AO= 0 and BHEN is active. 


Multibus Byte Swap 


To permit compatibility with existing 8-bit CPU boards, 
the Multibus specification requires all byte transfers to 
occur 
on the 8 least 
significant 
data 
lines (DATO- 


DAT7). Figure II illustrates 
how to handle 8-bit and 


16-bit bus cycles in a Multibus environment. 


BHEN 


AO 


AEN 


Although Multibus uses the signals BHEN and AO, their 
meaning is slightly different 
than the CPU pin defini- 


tions. If BHEN is inactive, then the bus cycle is always 8 
bits, and always uses DATO-DAT7; if BHEN is active, 
then the cycle is always l6-bits, and AO=O. 


The High Byte Buffer and the Low Byte Buffer are en- 
abled for all word transfers, and for all byte transfers to 
an even address. The Swap Byte Buffer is enabled only 
for byte transfers to an odd address. 


This control logic will allow a l6-bit memory board to 
be compatible 
with both 8-bit CPU boards and l6-bit 


CPU boards. 


In order to start a memory cycle, the 8202 requires its 
PCS input, as well as RJ5or WR, to be active. Once a 
memory cycle is started, the 8202 will complete it, even 
if PCS goes inactive. 
This feature 
can be used for 


battery-backup 
RAM designs. 
If you have a battery 


backed up design, RD, WR and PCS should be pulled 
up to the battery supply. 


Normal decoding of the processor address bus can be 
used to generate 
PCS. Since combinational 
logic (or 


even a bipolar 
PROM) 
is typically 
used to generate 


PCS"; you must examine your system timing to make 
sure PCS is stable before RD or WR goes active. If your 
decoding time is greater than the address set-up to com- 
mand time, then two things can happen: 
I) Your memory cycle will not start until PCS goes ac- 


tive. 
2) You may cause the 8202 to start an unwanted cycle 


due to a decoder glitch. 


Remember, your decoding time is the amount of time it 
takes to ensure that only one device is selected, and that 
all other devices are deselected. Your decoder outputs 
may change after an address transition, 
and will only be 
stable after the decoding time has expired. 


If our dynamic memory system was always available 
when the CPU requested a memory cycle, then we could 
generate our RAMRDY signal as shown in Figure 13; if 
our RAM required no WAIT states, we could tie the 
READY line high, assuming the I/O and the rest of the 
memory (e.g., PROM) did not need any WAIT states. 


In systems which use asynchronous 
refresh, we cannot 


use these methods of READY generation, 
since extra 


WAIT states are needed when a memory cycle is re- 
quested while refresh is in progress. This CPU holdoff 
can be performed 
using the 8202 XACK and SACK 


signals. 


XACK 
is a Multibus 
compatible 
acknowledge 
hand- 


shake signal, since it only goes active after READ data 
is valid, and after WRITE data has been latched. XACK 


can be connected to the CPU's Ready input through an 
inverter. 


Since most CPUs sample READY 1-2 clocks ahead of 
the time they sample data, 
XACK may cause more 


WAIT states than you really need; if your system has 
sufficient 
time between the READY sample and the 


data sample, SACK can be used. 


If a memory cycle is requested 
while the 8202 is idle, 


SACK will occur 200-320 nanoseconds 
before data is 


valid. If the time between the CPU's first READY sam- 
ple point and the first data sample point is greater than 
the difference 
in READ access time (either tRLDV or 


tRLDV1,depending on your configuration) 
and the teA, 
MAXtime for your 8202 configuration, 
then SACK can 


be used to generate the CPU's 
READY signal. Other- 


wise, a delayed form of SACK (or XACK) should be 
used to generate the READY signal. 


Refresh Considerations 


The 8202 has an internal timer which generates refresh 
requests every 12-16 microseconds, 
unless it is reset by 


an external refresh request. Thus, if the 8202 REFRQ is 
pulsed faster than 12 microseconds, 
we can reduce, or 


even eliminate, the amount of refresh interference with 
memory cycles. If, for any reason, our REFRQ signal 
fails to generate a pulse frequently enough, then the in- 
ternal refresh timer will take over. 


The standard hidden refresh circuit shown in Figure 13 
can be used to eliminate 
all refresh 
interference 
in' 


808SA systems if the following condition is met: 


where T is the CPU clock period. Remember, the 8202 
internal 
refresh timer will automatically 
insert refresh 


requests if the CPU goes idle for extended periods of 
time (such as bursts of DMA cycles, or 'entering 
the 


HALT state). 


Since the 8086 and 8088 pre-fetch instructions, 
the hid- 


den refresh method shown in Figure 13 is not as useful 
as it is for 808SA systems. The 8086 Family CPUs will 


APPLICATIONS 


have to use the 8202 internal 
refresh, 
and suffer the 


3-7070 
performance 
degradation 
due 
to 
refresh 
in- 


terference. 
In reality. the performance 
degradation' will 


be even less, since the instruction queue is normally. full, 
and there is less chance of refresh interference than In an 
8085A system. 
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Most microcomputer 
systems in use today require low- 


cost, high-density removable magnetic media for informa- 
tion storage. In the area ofremovable media, a designer's 
choice is limited to magnetic tapes and floppy disks 
(flexible diskettes), 
both 
of which offer 
non-volatile 
data storage. The choice between these two technologies 
is relatively straight-forward 
for a given application. 
Since disk drives are designed to permit random access to 
stored information, 
they are significantly 
faster than 


tape units. For example, locating information 
on a disk 


requires less than a second, while tape movement (even at 
the 
fastest 
rewind 
or fast-forward 
speed) often 
re- 


quires several minutes. This random access ability per- 
mits the use of floppy disks in on-line storage applica- 
tions (where information 
must be located, 
read, and 


modified/updated 
in 
real-time 
under 
program 
or 


operator control). Tapes, on the other hand, are ideally 
suited to archival or back-up storage due to their large 
storage capacities (more than 10 million bytes of data 
can be archived on a cartridge tape). 


A sophisticated 
controller 
is required to capitalize on 


the abilities of the disk storage unit. In the past, disk 
controller 
designs have required upwards of 150 ICs. 
Today, 
the single-chip 
8272 Floppy 
Disk Controller 


(FDC) plus approximately 30 support devices can handle 
up to four million bytes of on-line data storage on four 
floppy disk drives. 


A floppy disk is a circular piece of thin plastic material 
covered with a magnetic coating and enclosed in a pro- 
tective jacket (Figure I). The circular piece of plastic 
revolves at a fixed speed (approximately 360 rpm) within 
its jacket in much the same manner that a record revolves 
at 
a fixed 
speed 
on a stereo 
turntable. 
Disks are 


manufactured 
in a variety of configurations 
for various 
storage capacities. Two standard physical disk sizes are 
commonly used. The 8-inch disk (8 inches square) is the 
larger of the two sizes; the smaller size (5-1/4 inches 
square) is often referred to as a mini-floppy. 
Single- 


sided disks can record information on only one side of the 
disk, 
while double-sided 
disks 
increase 
the 
storage 


capacity by recording on both sides. In addition, disks are 
classified as single-density or double-density. 
Double- 


density disks use a modified recording method to store 
twice as much information in the same disk area as can be 
stored on a single-density 
disk. Table 
I lists storage 


capacities for standard 
floppy disk media. 


A magnetic head assembly (in contact with the disk) 
writes information 
onto 
the disk surface and subse- 


quently reads the data back. This head assembly can 
move from the outside edge of the disk toward 
the 


center in fixed increments. 
Once the head assembly is 


oI 


positioned at one of these fixed positions, the head can 
read or write information 
in a circular path as the disk 


revolves 
beneath 
the 
head 
assembly. 
This 
method 


divides the surface into a fixed number of cylinders (as 
shown in Figure 2). There are normally 77 cylinders on a 
standard disk. Once the head assembly is positioned at a 
given cylinder, data may be read or written 'on either 
side of the disk. The appropriate 
side of the disk is 


selected by the read/write 
head address (zero or one). 


Of course, a single-sided disk can only use head zero. 
The combination 
of cylinder address and head address 


uniquely specifies a single circular track on the disk. The 
physical beginning of a track is located by means of a 
small hole (physical index mark) punched through the 
plastic near the center of the disk. This hole is optically 
sensed by the drive on every revolution of the disk. 


Single· Density 
Format 


Byte/Sector 
128 
256 
512 
1024 


Sectors/Track 
26 
15 
8 
4 


Tracks/Disk 
77 
77 
77 
77 


Bytes/Disk 
256,256 
295,680 
315,392 
315,392 


Double·Density 
Format 


Bytes/Sector 
128 
256 
512 
1024 


Sectors/Track 
52 
30 
16 
8 


Tracks/Disk 
77 
77 
77 
77 


Bytes/Disk 
512,512 
591,360 
630,784 
630,784 


Each track is subdivided into a number of sectors (see 
detailed discussion in section 3). Sectors are generally 
128, 256, 512, or 1024 data bytes in length. This track 
sectoring 
may be accomplished 
by one of two tech- 
niques: hard sectoring or soft sectoring. Hard sectored 
disks divide each track into a maximum of 32 sectors. 
The beginning of each sector is indicated by a sector 
hole punched in the disk plastic. Soft sectoring, the IBM 
standard 
method, 
allows software selection of sector 


sizes. With this technique, each data sector is preceded 
by a unique sector identifier that is read/written 
by the 
disk controller. 


A floppy disk may also contain a write protect notch 
punched at the edge of the outer jacket of the disk. This 
notch is detected by the drive and passed to the con- 
troller as a write protect signal. 


The floppy disk drive is an electromechanical 
device 


that records data on, or reads data from, the surface of 
a floppy disk. The disk drive contains head control elec- 
tronics 
that 
move the head assembly one increment 


(step) 
forward 
(toward 
the 
center 
of the 
disk) or 
backward 
(toward 
the edge of the disk). 
Since the 


recording head must be in contact with the disk material 
in order to read or write information, 
the disk drive also 


contains head;load electronics. Normally the read/write 
head is unloaded until it is necessary to read or write in- 
formation 
on the floppy disk. Once the head assembly 


has been positioned over the correct track on the disk, 
the head is loaded (brought into contact with the disk). 
This sequence prevents 
excessive disk wear. A small 


time penalty is paid when the head is loaded. Approx- 
imately thirty to fifty milliseconds are needed before 
data may be reliably read from, or written to, the disk. 
This time is known as the head load time. If desired, the 
head may be moved from cylinder to cylinder while 
loaded. In this manner, only a small time interval (head 
settling time) is required before data may be read from 
the new cylinder. The head settling time is often shorter 
than the head load time. Typically, disk drives also con- 
tain drive select logic that allows more than one physical 
drive to be connected to the same interface cable (from 
the controller). 
By means of a jumper on the drive, the 
drive number may be selected by the OEM or end user. 
The drive is enabled 
only when selected; when not 


selected, all control signals on the cable are ignored. 


Finally, 
the drive provides 
additional 
signals to the 


system controller regarding the status of the drive and 
disk. These signals include: 


Drive Ready - 
Signals the system that the drive door 


is closed and that a floppy disk is inserted into the 
drive. 
Track 
Zero - 
Indicates 
that 
the head 
assembly 
is 


located 
over 
the 
outermost 
track 
of 
the 
disk. 


This signal may be used for calibration 
of the disk 


drive at system initialization and after an error con- 
dition. 
Write Protect 
- 
Indicates that the floppy disk loaded 


into the drive is write protected. 


Dual Sided - 
Indicates 
that the floppy disk in the 


drive is dual-sided. 


Write Fault - 
Indicates that an error occurred during 


a recording operation. 
Index - 
Informs 
the system that the physical index 


mark of the floppy disk (signifying the start of a data 
track) has been sensed. 


A disk subsystem consists of the following functional 
electronic units: 


1. Disk Controller Electronics 


2. Disk Drive Electronics 


3. Controller/Disk 
Interface (cables, drivers, termina- 


tors) 


4. Controller/Microprocessor 
System Interface 


The operation of these functional units is discussed in 
the following paragraphs. 


The disk controller is responsible for converting high- 
level disk commands (normally issued by software ex- 
ecuting on the system processor) into disk drive com- 
mands. This function includes: 


1. Disk Drive Selection - 
Disk controllers typically 
manage 
the operations 
of multiple 
floppy 
disk 


drives. This controller function permits the system 
processor to specify which drive is to be used in a 
particular operation. 


2. Track Selection - 
The controller issues a timed se- 


quence of step pulses to move the head from its cur- 
rent location to the proper disk cylinder from which 
data is to be read or to which data is to be written. 
The controller stores the current cylinder number 
and computes the stepping distance from the current 
cylinder to the specified cylinder. The controller also 
manages the head select signal to select the correct 
side of the floppy disk. 


3. Sector 
Selection - 
The controller 
monitors 
the 


data on a track until the requested sector is sensed. 


4. Head Loading - 
The disk controller determines 


the times at which the head assembly is to be brought 
in contact with the disk surface in order to read or 
write data. The controller is also responsible for 
waiting until the head has settled before reading or 
writing information. Often the controller maintains 
the head loaded condition for up to 16 disk revolu- 
tions (approximately 2 seconds) after a read or write 
operation has been completed. This feature elimi- 
nates the head load time during periods of heavy disk 
I/O activity. 


5. Data Separation - 
The actual signal recorded on a 


floppy disk is a combination of timing information 
(clock) and data. The serial READ DATA input 
(from the disk drive) must be converted into two sig- 
nal streams: clock and data. (The READ DATA in- 
put operates at 250K bits/second for single-density 
disks 
and 
500K bits/second 
for 
double-density 


0ISI<S.) 1he serIal data must also be assembled into 
8-bit bytes for transfer to system memory. A byte 
must 
be 
assembled 
and 
transferred 
every 
32 


microseconds for single-density disks and every 16 
microseconds for double-density. 


6. Error Checking - 
Information recorded on a flop- 


py disk is subject to both hard and soft errors. Hard 
(permanent) errors are caused by media defects. Soft 
errors, 
on the other hand, are temporary 
errors 


caused by electromagnetic noise or mechanical inter- 
ference. Disk controllers use a standard error check- 
ing technique known as a Cyclic Redundancy Check 
(CRC). As data is written to a disk, a 16-bit CRC 
character is computed and also stored on the disk. 
When the data is subsequently read, the CRC charac- 
ter allows the controller to detect data errors. Typi- 
cally, when CRC errors are detected, the controlling 
software retries the failed operation (attempting to 
recover from a soft error). If data cannot reliably be 
read or written after a number of retries, the system 
software normally reports the error to the operator. 
Multiple CRC errors normally indicate unrecover- 
able media error on the current disk track. Subse- 
quent recovery attempts must be defined by the sys- 
tem designers and tailored to meet system interfacing 
requirements. 


Today, single-chip digital LSI floppy disk controllers 
such as the 8272 perform all the above functions with 
the exception of data separation. A data separation cir- 
cuit (a combination of digital and analog electronics) 
synchronizes itself to the actual data rate of the disk 
drive. This data rate varies from drive to drive (due to 
mechanical factors such as motor tolerances) and varies 
from disk to disk (due to temperature effects). In order 
to operate reliably with both single- and double-density 
storage, the data separation circuit must be based on 
phase-locked loop (PLL) technology. The phase-locked 
loop data separation logic is described in section 5. The 
separation 
logic, after 
synchronizing with the data 


stream, supplies a data window to the LSI disk con- 
troller. This window differentiates 
data information 


from clock information within the serial stream. The 
controller uses this window to reconstruct 
the data 


previously recorded on the floppy disk. 


Each floppy disk drive contains digital electronic cir- 
cuits that translate TTL-compatible command signals 
into electromechanical operations (such as drive selec- 
tion and head movement/loading) 
and that sense and 


report disk or drive status to the controller (e.g., drive 
ready, write fault, and write protect). In addition, the 
drive electronics contain analog components to sense, 
amplify, and shape data pulses read from, or written to, 
the floppy disk surface by the read/write head. 


The controller/drive 
interface consists of high-current 
line drivers, Schmitt triggered input gates, and flat or 
twisted pair cable(s) to connect the disk drive electronics 
to the controller electronics. Each interface signal line is 
resistively terminated 
at the end of the cable farthest 
from the line drivers. Eight-inch drives may be directly 
interfaced 
by 
means 
of 
50-conductor 
flat 
cable. 
Generally, cable lengths should be less than ten feet in 
order to maintain noise immunity. 


Normally, 
provisions 
are made for up to four disk 
drives to share the same interface cable. The controller 
may operate as many cable assemblies as practical. LSI 
floppy disk controllers 
typically operate 
one to four 
drives on a single cable. 


The disk controller must interface to the system proc- 
essor and memory for two distinct purposes. First, the 
processor 
must 
specify 
disk control 
and 
command 
parameters 
to the controller. 
These parameters 
include 


the selection of the recording density and specification 
of disk formatting information 
(discussed in section 3). 


In addition 
to disk parameter 
specification, 
the proc- 
essor must also send commands (e.g., read, write, seek, 
and scan) to the controller. These commands require the 
specification 
of the command 
code, 
drive number, 
cylinder 
address, 
sector address, 
and 
head address. 
Most LSI controllers receive commands and parameters 
by means of processor 110 instructions. 


In addition 
to this 110 interface, 
the controller 
must 
also be designed for high-speed data transfer between 
memory 
and 
the 
disk 
drive. 
Two 
implementation 
methods may be used to coordinate 
this data transfer. 


The lowest-cost 
method 
requires direct processor 
in- 


tervention 
in the transfer. 
With this method, the con- 
troller issues an interrupt to the processor for each data 
transfer. (An equivalent method allows the processor to 
poll an interrupt 
flag in the controller status word.) In 


the case of a disk write operation, the processor writes a 
data byte (to be encoded into the serial output stream) 
to the disk controller following the receipt of each con- 
troller interrupt. 
During a disk read operation, the proc- 
essor reads a data byte (previously assembled from the 
input data stream) from the controller after each inter- 
rupt. The processor must transfer a data byte from the 
controller 
to memory 
or transfer 
a data 
byte from 
memory 
to 
the 
disk 
controller 
within 
16 or 
32 
microseconds 
after each interrupt 
(double-density 
and 


single-density response times, respectively). 


If the system processor must service a variety of other 
interrupt 
sources, 
this interrupt 
method 
may not be 
practical, 
especially in double-density 
systems. In this 


case, the disk controller may be interfaced to a Direct 


Memory Access (DMA) controller. When the disk con- 
troller requires the transfer of a data byte, it simply ac- 
tivates the DMA request line. The DMA controller in- 
terfaces to the processor and, in response to the disk 
controller's 
request, gains control of the memory inter- 


face for a short period of time-long 
enough to transfer 


the requested data byte to/from 
memory. See section 6 


for a detailed DMA interface description. 


New floppy disks must be written with a fixed format by 
the controller before these disks may be used to store 
data. Formatting 
is a method of taking raw media and 


adding the necessary information 
to permit the con- 


troller to read and write data without error. All format- 
ting is performed 
by the disk controller on a track-by- 


track basis under the direction of the system processor. 
Generally, 
a track 
may be formatted 
at any time. 


However, since formatting "initializes" 
a complete disk 


track, all previously written data is lost (after a format 
operation). 
A format operation 
is normally used only 


when initializing new floppy disks. Since soft-sectoring 
in such a predominant 
formatting 
technique 
(due to 


IBM's 
influence), 
the following discussion 
will limit 


itself to soft-sectored 
formats. 


Two standard 
data recording 
techniques 
are used to 


combine clock and data information 
for storage on a 


floppy disk. The single-density technique is referred to 
as FM encoding. In FM encoding (see Figure 3), a dou- 
ble frequency encoding technique is used that inserts a 
data bit between two adjacent clock bits. (The presence 
of a data 
bit represents 
a binary 
"one" 
while the 


absence of a data bit represents a binary "zero. ") The 
two adjacent clock bits are referred to as a bit cell, and 
except for unique field identifiers, all clock bits written 
on the disk are binary "ones." 
In FM encoding, each 


data bit is written at the center of the bit cell and the 
clock bits are written at the leading edge of the bit cell. 


The 
encoding 
used 
for 
double-density 
recording 
is 


termed MFM encoding (for "Modified 
FM"). 
In MFM 


encoding (Figure 3) the data bits are again written at the 
center of the bit cell. However, a clock bit is written at 
the leading edge of the bit cell only if no data bit was 
written in the previous bit cell and no data bit will be 
written in the present bit cell. 


Soft-sectored 
floppy 
disks divide each track 
into 
a 


number of data sectors. Typically, sector sizes of 128, 
256, 512, or 1024 data bytes are permitted. 
The sector 


size is specified when the track is initially formatted by 
the controller. 
Table 
I lists the single- and double- 


density data storage capacities for each of the four sec- 
tor sizes. Each sector within a track is composed of the 
following four fields (illustrated in Figure 4): 


1. Sector. ID Field - 
This field, consisting of seven 
bytes, is written only when the track is formatted. 
The ID field provides the sector identification that is 
used by the controller when a sector must be read or 
written. The first byte of the field is the ID address 
mark, a unique coding that specifies the beginning of 
the ID field. The second, third, and fourth bytes are 
the cylinder, head, and sector addresses, respective- 
ly, and the fifth byte is the sector length code. The 
last two bytes are the 16-bit CRC character for the 
10 field. During formatting, 
the controller supplies 


the address mark. The cylinder, head, and sector ad- 
dresses and the sector length code are supplied to the 
controller 
by the 
processor 
software. 
The 
CRC 


character is derived by the controller from the data in 
the first five bytes. 


2. Post ID Field Gap - 
The post ID field gap (gap 2) 


is written initially when the track is formatted. 
Dur- 


ing subsequent write operations, the drive's write cir- 
cuitry is enabled within the gap and the trailing bytes 
of the gap are rewritten each time the sector is up- 
dated (written). During subsequent read operations, 
the trailing bytes of the gap are used to synchronize 
the data 
separator 
logic with the upcoming 
data 


field. 


3. Data Field - 
The length (number of data bytes) of 


the data field is determined 
by software when the 


track is formatted. 
The first byte of the data field is 


the data address mark, a unique coding that specifies 


the beginning of the data field. When a sector is to be 
deleted, (e.g., a hard error on the disk), a deleted 
data address mark is written in place of the data ad- 
dress mark. The last two bytes of the data field com- 
prise the CRC character. 


4. Post Data Field Gap - 
The post data 
field gap 


(gap 3) is written when the track is formatted 
and 


separates 
the preceding 
data 
field from the next 


physical ID field on the track. Note that a post data 
field gap is not written following the last physical 
sector on a track. The gap itself contains a prograrn- 
selectable number of bytes. Following a sector up- 
date 
(write) operation, 
the drive's 
write logic is 


disabled during the gap. The actual size of gap 3 is 
determined 
by the maximum 
number 
of data bits 


that can be recorded on a track, the number of sec- 
tors per track and the total sector size (data plus 
overhead 
information). 
The gap size must be ad- 


justed so that it is large enough to contain the discon- 
tinuity generated on the floppy disk when the write 
current is turned on or off (at the start or completion 
of a disk write operation) 
and to contain 
a syn- 


chronization 
field for the upcoming 10 field (of the 


next sector). On the other hand, the gaps must be 
small enough so that the total number of data bits re- 
quired on the track (sectors plus gaps) is less than the 
maximum number of data bits that can be recorded 
on the track. The gap size must be specified for all 
read, write, and format 
operations. 
The gap size 


used during disk reads and writes must be smaller 
than the size used to format the disk to avoid the 
splice points between contiguous 
physical sectors. 


Suggested gap sizes are listed in Table 9. 


The overall format for a track is illustrated in Figure 4. 
Each track consists of the following fields: 


1. Pre-Index Gap - 
The pre-index gap (gap 5) is writ- 
ten only when the track is formatted. 


2. Index Address 
Mark - 
The index address 
mark 


consists of a unique code that indicates the beginning 
of a data track. One index mark is written on each 
track when the track is formatted. 


3. Post Index Gap - 
The post index gap (gap I) is 
used during disk read and write operations 
to syn- 
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chronize the data separator logic with the data to be 
read from the ID field (of the first sector). The post 
index gap is written only when the disk is formatted. 


4. Sectors - 
The sector information (discussed above) 


is repeated once for each sector on the track. 


5. Final Gap - 
The final gap (gap 4) is written when 


the track is formatted 
and extends from the last 


physical data field on the track to the physical index 
mark. The length of this gap is dependent 
on the 


number of bytes per sector specified, the lengths of 
the program-selectable 
gaps specified, and the drive 
speed. 
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The initial formatting of a floppy disk determines where 
sectors are located within a track. It is not necessary to 
allocate 
sectors 
sequentially 
around 
the track 
(Le.• 
1,2.3 •...• 26). In fact. is is often advantageous 
to place 


the sectors on the track in a non-sequential 
order. Se- 


quential sector ordering optimizes sector access times 
during multi-sector 
transfers (e.g .• when a program is 


loaded) by permitting 
the number of sectors specified 


(up to an entire track) to be transferred within a single 
revolution of the disk. A technique known as sector in- 
terleaving optimizes access times when. although sectors 
are accessed sequentially. a small amount of processing 
must be performed between sector reads/writes. 
For ex- 


ample. 
an editing program 
performing 
a text search 


reads sectors sequentially. and after each sector is read. 
performs a software search. If a match is not found, the 
software issues a read request for the next sector. Since 
the floppy disk continues to rotate during the time that 
the software executes, the next physical sector is already 
passing under the read/write head when the read request 
is issued. and the processor must wait for another com- 
plete 
revolution 
of 
the 
disk 
(approximately 
166 


milliseconds) 
before the data may actually be input. 


With interleaving. the sectors are not stored sequentially 
on a track; rather. 
each sector is physically removed 


from the previous sector by some number (known as the 
interleave factor) of physical sectors as shown in Figure 
5. This method of sector allocation provides the proc- 
essor additional 
execution time between sectors on the 


disk. For example, with a 26 sector/track 
format. an in- 


terleave factor of 2 provides 6.4 milliseconds of proces- 
sing time between sequential 128 byte sector accesses. 


To calculate the correct interleave factor. the maximum 
processor time between sector operations must be divid- 
ed by the time required for a complete sector to pass 
under the disk read/write 
head. After determining the 


interleave factor. the correct sector numbers are passed 
to the disk controller (in the exact order that they are to 
physically appear on the track) during the execution of a 
format operation. 


4. THE 8272 FLEXIBLE 
DISKETTE 
CONTROLLER 


The 8272 is a single-chip LSI Floppy Disk Controller 
(FDC) that contains the circuitry necessary to imple- 
ment both single-and double-density floppy disk storage 
subsystems (with up to four dual-sided disk drives per 
FDC). The 8272 supports the IBM 3740 single-density 
recording format (FM) and the IBM System 34 double- 
density recording 
format (MFM). With the 8272, less 


than 30 ICs are needed to implement a complete disk 
subsystem. 
The 8272 accepts and executes high-level 


disk commands such as format track. seek. read sector, 
write sector, and read track. All data synchronization 
and error checking is automatically 
performed 
by the 


FDC to ensure reliable data storage 
and subsequent 
retrieval. External logic is required only for the genera- 
tion of the FDC master clock and write clock (see Sec- 
tion 6) and for data separation 
(Section 5). The FDC 


provides signals that control the startup and base fre- 
quency selection of the data separator. 
These signals 


greatly ease the design of a phase-locked 
loop data 
separator. 


In addition to the data separator 
interface signals. the 


8272 also provides the necessary signals to interface to 
microprocessor systems with or without Direct Memory 
Access (DMA) capabilities. 
In order to interface to a 


large number 
of commercially 
available 
floppy 
disk 


drives. the FDC permits software specification 
of the 


track stepping rate, the head load time. and the head 
unload time. 


The pin configuration 
and internal block diagram of the 


8272 is shown in Figure 6. Table 2 contains a description 
for each FDC interface pin. 


The 
8272 executes 
fifteen 
high-level 
disk 
interface 


commands: 
Specify 
Sense Drive Status 
Sense Interrupt 
Status 
Seek 
Recalibrate 
Format Track 
Read Data 
Read Deleted Data 


Write Data 
Write Deleted Data 
Read Track 
Read ID 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 


The 
executing 
program 
transfers 
to the FOC all the 
information 
required to per- 
form a particular disk opera- 
tion. The 8272 automatically 
enters 
the command 
phase 
after RESET and following 
the completion 
of the result 
phase (if any) of a previous 
command. 


EXECUTION 
PHASE: 
The 
FOC 
performs 
the 


operation 
as instructed. 
The 


execution 
phase 
is entered 


immediately 
after 
the 
last 
command parameter 
is writ- 


ten 
to 
the 
FOC 
in 
the 


preceding 
command 
phase. 


The execution phase normal- 
ly ends when the last data 
byte is transferred 
to/from 


the disk (signalled by the TC 
input to the FOe) or when an 
error occurs. 


Each command is initiated by a multi-byte transfer from 
the processor to the FOC (the transferred bytes contain 
command and parameter information). 
After complete 


command 
specification, 
the 
FOC 
automatically 
ex- 


ecutes the command. 
The command result data (after 


execution of the command) 
may require a multi-byte 
transfer of status information 
back to the processor. It 


is convenient to consider each FOC command as con- 
sisting of the following three phases: 


RESULT PHASE: 
After completion of the disk 
operation, 
status 
and other 


housekeeping 
information 


are 
made 
available 
to 
the 


processor. 
After 
the 
proc- 


essor reads this information, 
the FOC reenters 
the com- 


mand phase and is ready to 
accept another command. 
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08, 
PSo 


08, 
PS, 
08, 
WR DATA 
08, 
DSo 


087 
OS, 
READY 
WRITE 
PROTECT/TWO 
SIDE 


ORO 
HDSEL 
INDEX 


DACK 
MFM 
FAULTfTRACK 
0 


TC 
WE 


lOX 
DRIVE 
SELECT 
0 


DRIVE 
SELECT 
1 
'NT 
MFM 
MODE 


ClK 
~ 


IlWfsEEK 
GND 
HEAD lOAD 
CLK~ 
HEAD 
SELECT 
Ycc 
-..... 
LOW CURRENT/DIRECTION 


GND 
--.... 
FAULT 
RESET/STEP 


Number 
Pin 
1/0 
To/From 
Description 
Symbol 


I 
RST 
I 
uP 
Reset. Active-high signal that places the FOC in the "idle" 
state and all 
disk drive output 
signals are forced inactive (low). This input must be 
held active during power on reset while the RD and WR inputs are active. 


2 
RD 
I· 
uP 
Read. Active-low control signal that enables data transfer 
from the FDC 
to the data bus. 


3 
WR 
I· 
uP 
Write. Active-low control signal that enables data transfer 
from the data 
bus into the FDC. 


4 
CS 
I 
uP 
Chip Select. Active-low control signal that selects the FDC. No reading or 
writing will occur unless the FDC is selected. 


5 
Ao 
I· 
uP 
Address. 
Selects the Data Register or Main Status Register for input/out- 
put in conjunction 
with the RD and WR inputs. (Se,e Table 3.) 


6-13 
DBa-DB7 
I/O· 
uP 
Data Bus. Bidirectional 
three-state 
8-bit data bus. 


14 
DRQ 
0 
DMA 
DMA Request. Active-high output that indicates an FDC request for 


I' 
DMA services. 


15 
DACK 
I 
DMA 
DMA Acknowledge. 
Active-low control signal indicating that the re- 
quested DMA transfer is·in progress. 


16 
TC 
I 
DMA 
Terminal Count. 
Active-high signal that causes the termination 
of a com- 


mand. Normally, 
the terminal count input is directly connected to the 
TC/EOP 
output 
from the DMA controller, 
signalling that the DMA 
transfer has been completed. 
In a non-DMA 
environment, 
the processor 


must count data transfers 
and supply a TC signal to the FDC. 


17 
IDX 
I 
Drive 
Index. Indicates detection of the physical index mark (the beginning of a 
track) on the selected disk drive. 


18 
INT 
0 
uP 
Interrupt 
Request. Active-high signal indicating an 8272 interrupt 
service 
request. 


19 
CLK 
I 
Clock. Signal phase 8 MHz clock (50070 duty cycle). 


20 
GND 
Ground. 
DC power return. 


21 
WRCLK 
I 
Write Clock. 500 kHz (FM) or I MHz (MFM) write clock with a constant 
pulse width of 250 ns (for both FM and MFM recording). 
The write clock 


must be present at all times. 


22 
DW 
I 
PLL 
Data Window. 
Data sample signal from the phase-locked 
loop indicating 
that the FDC should sample input data from the disk drive. 


23 
RDDATA 
I 
Drive 
Read Data. FDC input data from the selected disk drive. 


24 
YCO 
0 
PLL 
YCO Sync. Active-high output 
that enables the phase-locked 
loop to 
synchronize 
with the input data from the disk drive. 


25 
WE 
0 
Drive 
Write Enable. Active-high output that enables the disk drive write gate. 


26 
MFM 
0 
PLL 
MFM Mode. Active-high output used by external logic to enable the 
MF~ 
double-density 
recording mode. When the MFM output 
is low, 
single-density FM recording is indicated. 


27 
HDSEL 
0 
Drive 
Head Select. Selects head 0 or head I on a dual-sided disk. 


28,29 
DSI>DSO 
0 
Drive 
Drive Select. Selects one of four disk drives. 


30 
WRDATA 
0 
Drive 
Write Data. Serial data stream (combination 
of clock and data bits) to be 


written on the disk. 


31,32 
PSI>PSO 
0 
Drive 
Precompensation 
(pre-shift) Control. 
Write precompensation 
output 
con- 
trol during MFM mode. Specifies early, late, and normal timing signals. 
See the discussion in Section 5. 


Pin 
Symbol 


FLT/TRKO 


I/O 
To/From 


Drive. 


Drive 


Drive 


0 
Drive 


0 
Drive 


RDY 


HDL 


Fault/Track 
O. Senses the disk drive fault condition 
in the Read/Write 


mode and the Track 0 condition 
in the Seek mode. 


Write Protect/Two-Sided. 
Senses the disk write protect status in the 
Read/Write 
mode and the dual-sided media status in the~Seek mode. 


Ready. Senses the disk drive ready status. 


Head Load. Loads the disk drive read/write 
head. (The head is placed in 


contact with the disk.) 


Fault Reset/Step. 
Resets the fault flip-flop in the disk drive when 
operating 
in the Read/Write 
mode. Provides head step pulses (to move 


the head from one cylinder to another cylinder) in the Seek mode. 


Low Current/Direction. 
Signals that the recording head has been position- 
ed over the inner cylinders (44-77) of the floppy disk in the Read/Write 
mode. (The write current must be lowered when recording on the phys- 
ically shorter iriner cylinders of the disk. Most drives do not track the ac- 
tual head position and require that the FDC supply this signal.) Deter- 
mines the head step direction in the Seek 'mode. In the Seek mode, a high 
level on this pin steps the read/write 
head toward the spindle (step-in); a 


low level steps the head away from the spindle (step-out). 


:Read, Write/Seek 
Mode Selector. A high level selects the Seek mode; a 


low level selects the Read/Write 
mode. 


+ 5V DC Power. 


To support 
information 
transfer 
between 
the FDC 
and 
the 
system 
processor, 
the 
8272 
contains 
two 
8-bit 
registers: 
the 
Main 
Status 
Register 
and 
the 
Data 
' 


Register. 
The Main 
Status 
Register 
(read 
only) contains' 


FDC 
status 
information 
and 
may 
be 
accessed 
at any 
time. 
The 
Main 
Status 
Register 
(Table 
4) provides 
the 


system 
processor 
with the 'status 
of each disk drive, 
the 


status 
of the FDC, 
and the status 
of the processor 
inter- 


face. 
The 
Data 
Register 
(read/write) 
stores 
data, 
com- 


mands, 
parameters, 
and 
disk 
drive 
status 
information. 


The 
Data 
Register 
is used 
to program 
the FDC 
during 
the 
command 
phase 
and 
to obtain 
result 
information 
after 
completion 
of FDC operations. 
Data 
is read from, 
or written 
to, the FDC 
registers 
by the combination 
of 


the 
AD, 
RD, 
WR, 
and 
CS 
signals, 
as 
described 
in 
Table 
3. 


In addition 
to the Main 
Status 
Register, 
the FDC 
con- 


tains 
four 
additional 
status 
registers 
(STD, 
STl, 
ST2, 


and 
ST3). 
These 
registers 
are only available 
during 
the 


result 
phase 
of a command. 


CS 
Ao 
RD 
WR 
Function 


0 
0 
0 
I 
Read Main Status Register 


0 
0 
1 
0 
Illegal 
0 
0 
0 
0 
Illegal 
0 
1 
0 
0 
Illegal 


0 
1 
0 
1 
Read from Data Register 


0 
1 
1 
0 
Write into Data Register 


I 
X 
X 
X 
Data Bus is three-stated 


Bit 
Symbol 
Description 
Number 


0 
DaB 
Disk Drive 0 Busy. Disk Drive 0 is 
in the Seek mode. 


I 
D1B 
Disk Drive I Busy. Disk Drive I is 
in the Seek mode. 


2 
D2B 
Disk Drive 2 Busy. Disk Drive 2 is 
in the Seek mode. 


3 
D3B 
Disk Drive 3 Busy. Disk Drive 3 is 
in the Seek mode. 


4 
CB 
FDC Busy. A read or write com- 
mand is in process. 


5 
NDM 
Non-DMA 
Mode. The FDC is in 
the non-DMA 
mode when this bit is 
I! 
high. This bit is set only during the 
execution phase of commands 
in 
the non-DMA 
mode. Transition 
to 
a low level indicates that the exe- 
cution phase has ended. 


6 
DIO 
Data Input/Output. 
Indicates the 
direction of a data transfer between 
the FDC and the Data Register. 
When DIO is high, data is read 


I: 


from the Data Register by the proc- 
essor; when DIO is low, data is 
written from the processor to the 
Data Register. 


7 
RQM 
Request for Master. 
Indicates that 
the Data Register is ready to send 
data to, or receive data from, the 
processor. 


Table 
5 lists the 8272 command 
set. For each of the fif- 
teen 
commands, 
command 
and 
result 
phase 
data 
transfers 
are 
listed. 
A list of abbreviations 
used 
in the 
table 
is given 
in Table 
6, and the contents 
of the result 


status 
registers 
(STO-ST3) 
are illustrated 
in Table 
7. 


The bytes 
of data 
which 
are sent to the 8272 during 
the 
command 
phase, 
and 
are 
read 
out 
of the 
8272 
in the 
result 
phase, 
must 
occur 
in the order 
shown 
in Table 
5. 


That 
is, the command 
code 
must 
be sent 
first 
and 
the 
other 
bytes 
sent in the prescribed 
sequence. 
All bytes of 
the command 
and result 
phases 
must be read/written 
as 
described. 
After 
the last byte 
of data 
in the command 
phase 
is 
sent 
to 
the 
8272 
the 
execution 
phase 
automatically 
starts. 
In a similar 
fashion, 
when 
the last 
byte 
of data 
is read 
from 
the 8272 in the result 
phase, 


the 
command 
is automatically 
ended 
and 
the 
8272 
is 
ready 
for a new command. 
A command 
may be aborted 
by simply 
raising 
the terminal 
count 
signal (pin 16). This 


is a convenient 
means 
of ensuring 
that 
the 
processor 
may 
always 
gain 
control 
of the 
8272 (even 
if the 
disk: 


system 
hangs 
up in an abnormal 
manner). 


It is important 
to note 
that 
during 
the result 
phase 
all 
bytes 
shown 
in Table 
5 must 
be read. 
The 
Read 
Data 
command, 
for example, 
has seven 
bytes 
of data 
in the 
result 
phase. 
All seven 
bytes 
must 
be read 
in order 
to 


successfully 
complete 
the 
Read 
Data 
command. 
The 
8272 
will 
not 
accept 
a new 
command 
until 
all seven 
bytes 
have 
been 
read. 
The 
number 
of 
command 
and 
result 
bytes 
varies 
from 
command-to-command. 


In order 
to read 
data 
from, 
or write 
data 
to, the Data 
Register 
during 
the 
command 
and 
result 
phases, 
the 
system processor 
must examine 
the Main 
Status 
Register 
to determine 
if the Data 
Register 
is available. 
The DIO 
(bit 6) and RQM 
(bit 7) flags in the Main 
Status 
Register 
must 
be low and high, 
respectively, 
before 
each byte of 
the command 
word 
may be written 
into the 8272. Many 


of the commands 
require 
multiple 
bytes, 
and as a result, 


the Main 
Status 
Register 
must be read prior 
to each byte 
transfer 
to the 
8272. 
To 
read 
status 
bytes 
during 
the 
result 
phase, 
DIO and RQM 
in the Main 
Status 
Register 
must 
both 
be 
high. 
Note, 
checking 
the 
Main 
Status 


Register 
in 
this 
manner 
before 
each 
byte 
transfer 
to/from 
the 8272 is required 
only in the command 
and 
result 
phases, 
and is NOT required 
during 
the execution 
phase. 


All data 
transfers 
to (or from) 
the 
floppy 
drive 
occur 
during 
the execution 
phase. 
The 
8272 has two primary 
modes 
of 
operation 
for 
data 
transfers 
(selected 
by 


the specify 
command): 


I. 
DMA 
mode 


2. non-DMA 
mode 


In the 
DMA 
mode, 
DRQ 
(DMA 
Request) 
is activated 
for each transfer 
request. 
The DMA 
controller 
responds 
to DRQ 
with DACK 
(DMA 
Acknowledge) 
and RD (for 
read 
commands) 
or WR (for write commands). 
DRQ 
is 
reset 
by the FDC 
during 
the transfer. 
INT 
is activated 
after 
the last data 
transfer, 
indicating 
the completion 
of 
the 
execution 
phase, 
and 
the 
beginning 
of 
the 
result 
phase. 
In 
the 
DMA 
mode, 
the 
terminal 
count 
(TC/EOP) 
output 
of 
the 
DMA 
controller 
should 
be 
connected 
to the 
8272 TC input 
to properly 
terminate 
disk data 
transfer 
commands. 


I 
DATA 
BUS 
I 
1 
DATA 
BUS 
I 


PHASE 
RJW 
07 
De 
05 
O. 
03 
02 
01 
DO I 
REMARKS 
PHASE 
RJW I 
07 
De 
05 
O. 
03 
02 
01 
DO 
REMARKS 


READ 
DATA 
READ 
A TRACK 


Command 
W 
MT 
MFM 
SK 
0 
0 
, , 
0 
Command 
Codes 
Command 
W 
0 
MFM 
SK 
0 
0 
0 
1 
0 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
OS, 
DSO 
w 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 


W 
C 
Sector 
10 information 
W 
C 
Seclor 
10 inlormation 


W 
H 
prior to Command 
W 
H 
prior 
to Command 


W 
R 
execution 
W 
R 
execution 


W 
N 
W 
N 


W 
EDT 
W 
EDT 


W 
GPL 
W 
GPL 


W 
DTL 
W 
DTL 


Execution 
Dala 
transfer 
Execution 
Data 
transfer 


between 
the 
FDD 
between 
the 
FOD 


and 
the main-system 
and 
the main-system. 
FOC 
reads 
the 
Result 
R 
STO 
Status 
information 
complete 
track 


R 
ST' 
after 
Command 
contents 
Irom the 


R 
ST 2 
execution 
physical 
index 


R 
C _____ 
mark 
to EOT 


R 
H 
Sector 
10 Information 


R 
R 
after 
command 
Result 
R 
ST 0 
Status 
m'ormation 


R 
N 
execution 
R 
ST, 
after 
Command 


R 
ST 2 
execution 
READ 
DELETED 
OAT A 
R 
C ______ 


Command 
W 
MT 
MFM 
SK 
0 
1 
, 
0 
0 
Command 
Codes 
R 
H ----- 
See lor 10 information 


R 
R 
after 
Command 
W 
0 
0 
0 
0 
0 
HDS 
OS, 
DSO 
R 
N 
execution 
W 
C 
Sector 
10 information 


W 
H 
prior 
to Command 
READ 
ID 


W 
R 
execution 
Command 
W 
0 
MFM 
0 
0 
1 
0 
, 
0 
Command 
Codes 
W 
N 
W 
EC' 
W 
0 
0 
0 
0 
0 
HOS 
OS1 
OSO 


W 
GPL 


W 
DTL 
Execution 
The 
first 
correct 
ID 


Execution 
Data 
transfer 
information 
on the 


between 
the 
Foo 


track 
is stored 
in 


and 
the main-system 
Data 
Register 


Result 
R 
STO 
Status 
information 
Result 
R 
ST 0 
Status 
information 


R 
ST' 
atler 
Command 
R 
ST' 
after 
Command 


R 
ST 2 
execution 
R 
ST 2 
execution 


R 
C 
R 
C 


R 
H 
Sector 
ID information 
R 
H 
Sector 
ID information 


R 
R 
after 
Command 
R 
R 
during 
Execution 


R 
N 
execution 
R 
N 
Phase 


WRITE 
DATA 
FORMAT 
A TRACK 


Command 
W 
MT 
MFM 
0 
0 
0 
, 
0 
1 
Command 
Codes 
Command 
W 
0 
MFM 
0 
0 
, 
1 
0 
, 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HoS 
OS1 
DSO 
W 
0 
0 
0 
0 
0 
HOS 
OS1 
oSO 


W 
C 
Sector 
10 information 
W 
N 
Bytes/Sector 


W 
H 
prior 
to Command 
W 
______ 
SC 
SectorsfTrack 


W 
R 
execution 
W 
GPL 
Gap 
3 


W 
N 
W 
0 
Filter 
Byte 


W 
EDT 


W 
GPL 
Execution 
FOG 
formals 
an 


W 
______ 
DTL 
entire 
track 


Execution 
Data 
transfer 
Result 
R 
ST 0 
Status 
information 


between 
the main- 
R 
ST 1 
aHer 
Command 


system 
and 
the 
Foo 
R 
ST 2 
execution 


Result 
R 
ST 0 
Status 
information 
R 
C 


R 
ST' 
alter 
Command 
R 
H 
In this 
case, 
the 
10 


R 
ST 2 
execution 
R 
R 
information 
has no 


R 
______ 
C _____ 
R 
N 
meaning 


R 
H 
Sector 
10 information 
SCAN 
EQUAL 
R 
R 
aller 
Command 
R 
N 
execution 
Command 
W 
MT 
MFM 
SK 
, 
0 
0 
0 
, 
Command 
Codes 


WRITE 
DELETED 
DATA 
W I 
0 
0 
0 
0 
0 
HOS 
OS, 
DSO 


Command 
W 
MT 
MFM 
0 
0 
, 
0 
0 
, 
Command 
Codes 
W 
C 
Sector 
10 information 


W 
H 
prior 
to Command 
W 
0 
0 
0 
0 
0 
HoS 
OS1 
oSO 
W 
R 
execution 


W 
C 
Sector 
10 information 
W 
N 


W 
H 
prior 
to Command 
W 
EDT 


W 
R ------- 
execution 
W 
GPL 


W 
N ------ 
W 
STP 


W 
EDT 


W 
GPL 
Execution 
Data 
compared 
W 
, 
DTL 
between 
the 
Foo 


Executlon 
Data 
transfer 
and 
the main-system 


between 
the 
Foo 
Result 
R 
ST 0 
Status 
informallon 


and 
the main-system 
R 
ST' 
alter 
Command 


Result 
R 
STO 
Status 
information 
R 
ST 2 
execution 


R 
ST' 
after 
Command 
R 
C 


R 
ST 2 
execution 
R 
_____ 
H 
Sector 
10 informatIon 


R 
C 
______ 
R 
______ 
R 
alter 
Command 


R 
H 
Sector 
10 information 
R 
N 
execution 


R 
R 
after 
Command 


R 
N 
execution 


DATA 
BUS 


PHASE 
RJW 
07 
06 
Os 
D. 
03 
02 
0, 
DO 
REMARKS 


SCAN 
lOW 
OR EOUAl 


Command 
W 
MT 
MFM 
SK , , 
0 
0 , 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS1 
OSO 


W 
C 
Sector 
10 information 
W 
H 
prior 
Command 
W 
R 
execution 
W 
N 


W 
EOT 


W 
GPl 
_____ 


W 
_____ 
STP 


Execution 
Data 
compared 
between 
the 
FDD 


and the main-system 


Result 
R 
ST 0 
Stalus 
information 


R 
ST, 
_____ 
alter 
Command 


R 
ST 2 
execution 


R 
C 
R 
H 
Seclor 
ID information 


R 
R 
after 
Command 


R 
N 
execution 


SCAN 
HIGH 
OR eQUAL 


Command 
W 
MT 
MFM 
SK , , , 
0 
, 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS' 
OSO 


W 
C 
Seclor 
10 Information 


W 
H 
prior 
Command 
W 
R 
execution 
W 
N 


W 
EOT 


W 
GPl 
W 
STP 


Execution 
Data 
compared 


between 
the FOD 


and 
the main-system 


Result 
R 
STO 
Status 
information 


R 
ST 1 
after 
Command 


R 
ST 2 
execution 


R 
C 


R 
H 
Sector 
lD inlormation 


R 
R 
alter 
Command 


R 
N 
execution 


DATA 
BUS 


PHASE 
RJW 
I 07 
06 
Os 
D. 
03 
O2 
0, 
DO 
REMARKS 


RECALIBRATE 


Command 
W 
0 
0 
0 
0 
0 , , , 
Command 
Codes 


W 
0 
0 
0 
0 
0 
0 
OS, 
OSO 


Execution 
Head 
retracted 
to 
Track 
0 


SENSE 
INTERRUPT 
STATUS 


Command 
W 
0 
0 
0 
0 
, 
0 
0 
0 
Command 
Codes 


Result 
R 
_____ 
STO 
Status 
Information 
at 
R 
C 
the 
end 
of each 
seek 
operation 
about 
the 


FOC 


SPECIFY 


Command 
W 
0 
0 
0 
0 
0 
0 
, , 
Command 
Codes 


W 
_SPT 
___ 
._HUT 
- 
Timer 
Setlings 
W 
HlT 
• 
NO 


SENSE 
DRIVE 
STATUS 


Command 
W 
0 
0 
0 
0 
0 , 
0 
0 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
DSl 
DSO 


Result 
R 
ST 3 
Status 
information 
about 
the 
FOD 


SEEK 


Command 
W 
0 
0 
0 
0 
, , , , 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 


W 
------ 
C 


Execution 
Head 
is positioned 


over 
proper 
Cylinder 
on Diskette 


INVALID 


Command 
W 
____ 
Invalid 
Codes 
____ 
Invalid 
Command 
Codes 
(NoOp 
- 
FDC 


goes 
into 
Standby 


State) 


Result 
R 
_____ 
STO 
______ 
ST 0 = 80 
(16) 


Symbol 
Description 
Symbol 
Description 


C 
Cylinder Address. The currently selected 
EOT 
End of Track. The final sector number of the 


cylinder address (0 to 76) on the disk. 
current track. 


D 
Data Pattern. 
The pattern to be written in 
GPL 
Gap Length. The gap 3 size. (Gap 3 is the 


each sector data field during formatting. 
space between sectors excluding the VCO syn- 


DSO,DSI 
Disk Drive Select. 
chronization 
field as defined in section 3.) 


DSI 
DSO 
H 
Head Address. Selected head: 0 or I (disk side 


0 
0 
Drive 0 
o or I, respectively) as encoded in the sector 
0 
I 
Drive I 
1D field. 


I 
0 
Drive 2 
HLT 
Head Load Time. Defines the time interval 
I 
I 
Drive 3 
that the FDC waits after loading the head 
DTL 
Special Sector Size. During the execution of 
before initiating a read or write operation. 


disk read/write 
commands, 
this parameter 
is 
Programmable 
from 2 to 254 milliseconds (in 
used to temporarily 
alter the effective disk sec- 
increments of 2 ms). 


tor size. By setting N to zero, DTL may be 
HUT 
Head Unload Time. Defines the time interval 
used to specify a sector size from I to 256 
from the end of the execution phase (of a read 
bytes in length. If the actual sector (on the 
or write command) 
until the head is unloaded. 


diskette) is larger than DTL specifies, the re- 
Programmable 
from 16 to 240 milliseconds (in 


mainder of the actual sector is not passed to 
increments of 16 ms). 


the system during read commands; 
during write 
commands, 
the remainder 
of the actual sector 
MFM 
MFM/FM 
Mode Selector. Selects MFM 


is written with all-zeroes bytes. DTL should 
double-density 
recording mode when high, FM 


be set to FF hexadecimal 
when N is not zero. 
single-density mode when low. 


Symbol 
Description 
Symbol 
Description 


MT 
Multi-Track 
Selector. When set, this flag 
SK 
Skip Flag. When this flag is set, sectors con- 


selects the multi-track 
operating 
mode. In this 
taining deleted data address marks will auto- 


mode (used only with dual-sided disks), the 
matically be skipped during the execution of 


FDC treats a complete cylinder (under both 
multi-sector 
Read Data or Scan commands. 
In 
read/write 
head 0 and read/write 
head I) as a 
the same manner, 
a sector containing 
a data 


single track. The FDC operates as if this 
address mark will automatically 
be skipped 


expanded track started at the first sector under 
during the execution of a multi-sector 
Read 


head 0 and ended at the last sector under head 
Deleted Data command. 


I. With this flag set (high), a multi-sector 
read 
SRT 
Step Rate Interval. Defines the time interval 
opeation 
will automatically 
continue to the 
between step pulses issued by the FDC (track- 
first sector under head I when the FDC 
to-track 
access time). Programmable 
from I to 
finishes operating 
on the last sector under head 
16 milliseconds (in increments of I ms). 
O. 


N 
Sector Size. The number of data bytes within a 
STO 
Status Register 0-3. Registers within the FDC 


STi 
that store status information 
after a command 
sector. (See Table 9.) 
ST2 
has been executed. This status information 
is 
ND 
Non-DMA 
Mode Flag. When set (high), this 
ST3 
available to the processor during the Result 


flag indicates that the FDC is to operate in the 
Phase after command 
execution. 
These 
non-DMA 
mode. In this mode, the processor 
registers may only be read after a command 
is interrupted 
for each data transfer. 
When 
has been executed (in the exact order shown in 
low, the FDC interfaces to a DMA controller 
Table 5 for each command). 
These registers 


by means of the DRQ and DACK signals. 
should not be confused with the Main Status 


R 
Sector Address. 
Specifies the sector number to 
Register. 


be read or written. In multi-sector 
transfers, 
STP 
Scan Sector Increment. 
During Scan opera- 
this parameter 
specifies the sector number of 
tions, this parameter 
is added to the current 
the first sector to be read or written. 
sector number in order to determine the next 


SC 
Number of Sectors per Track. 
Specifies the 
sector to be scanned. 


number of sectors per track to be initialized by 
the Format Track command. 


Bit 
, 


Number 
Symbol 
Description 


Status Register 0 


7,6 
IC 
Interrupt 
Code. 
00 - 
Normal termination 
of command. 
The specified command 
was properly executed and 
completed without error. 


01 - 
Abnormal 
termination 
of command. 
Command 
execution was started but could not be 
successfully completed. 


10 - 
Invalid command. 
The requested command 
could not be executed. 


II - 
Abnormal 
termination. 
During command execution, the disk drive ready signal 
changed state. 


5 
SE 
Seek End. This flag is set (high) when the FDC has completed the Seek command 
and the 


read/write 
head is positioned 
over the correct cylinder. 


4 
EC 
Equipment 
Check Error. 
This flag is set (high) if a fault signal is received from the disk drive 


or if the track 0 signal fails to become active after 77 step pulses (Recalibrate 
command). 


3 
NR 
Not Ready Error. This flag is set if a read or write command 
is issued and either the drive is 


not ready or the command 
specifies side I (head I) of a single-sided disk. 


2 
H 
Head Address. 
The head address at the time of the interrupt. 


1,0 
DSl,DSO 
Drive Select. The number of the drive selected at the time of the interrupt. 


Bit 
Symbol 
Description 
Number 


Status Register 1 


7 
EN 
End of Track Error. This flag is set if the FDC attempts to access a sector beyond the final 
sector of the track. 


6 
Not used. This bit is always low. 


5 
DE 
Data Error. 
Set when the FDC detects a CRC error in either the ID field or the data field of a 


sector. 


4 
OR 
Overrun Error. 
Set (during data transfers) 
if the FDC does not receive DMA or processor serv- 


ice within the specified time interval. 


3 
Not used. This bit is always low. 


2 
ND 
Sector Not Found Error. This flag is set by any of the following conditions. 
a) The FDC cannot locate the sector specified in the Read Data, Read Deleted Data, or Scan 
command. 


b) The FDC cannot locate the starting sector specified in the Read Track command. 
c) The FDC cannot read the ID field without error during a Read ID command. 
I 
NW 
Write Protect 
Error. This flag is set if the FDC detects a write protect signal from the disk 
drive during the execution of a Write Data, Write Deleted Data, or Format 
Track command. 


0 
MA 
Missing Address Mark Error. This flag is set by either of the following conditions: 
a) The FDC cannot detect the ID address mark on the specified track (after two occurrences 
of the physical index mark). 


b) The FDC cannot detect the data address mark or deleted data address mark on the 
specified track. (See also the MD bit of Status Register 2.) 


Status Register 2 


7 
Not used. This bit is always low. 


6 
CM 
Control Mark. This flag is set when the FDC encounters 
one of the following conditions: 


a) A deleted data address mark during the execution of a Read Data or Scan command. 
b) A data address mark during the execution of a Read Deleted Data command. 


5 
DD 
Data Error. 
Set (high) when the FDC detects a CRC error in a sector data field. This flag is 


not set when a CRC error is detected in the ID field. 


4 
WC 
Cylinder Address Error. 
Set when the cylinder address from the disk sector ID field is different 


from the current cylinder address maintained 
within the FDC. 


3 
SH 
Scan Hit. Set during the execution of the Scan command 
if the scan condition 
is satisfied. 


2 
SN 
Scan Not Satisfied. 
Set during execution of the Scan command 
if the FDC cannot locate a sec- 


tor on the specified cylinder that satisfies the scan condition. 
I 
BC 
Bad Track Error. 
Set when the cylinder address from the disk sector ID field is FF hexadecimal 
and this cylinder address is different 
from the current cylinder address maintained 
within the 


FDC. This all "ones" 
cylinder number indicates a bad track (one containing 
hard errors) ac- 
cording to the IBM soft-sectored 
format specifications. 


0 
MD 
MiSSIng Data Address Mark Error. 
Set if the FDC cannot detect a data address mark or 


deleted data address mark on the specified track. 


Bit 
Symbol 
Description 
Number 


Status Register3 


7 
IT 
Fault. This flag indicates the status of the fault signal from the selecteddisk drive. 


6 
WP 
Write Protected. This flag indicates the status of the write protect signal from the selecteddisk 
drive. 


5 
RDY 
Ready. This flag indicatesthe status of the ready signal from the selecteddisk drive. 


4 
TO 
Track o. This flag indicates the status of the track 0 signal from the selecteddisk drive. 


3 
TS 
Two-Sided. This flag indicatesthe status of the two-sidedsignal from the selecteddisk drive. 


2 
H 
Head Address. This flag indicates the status of the side selectsignal for the currently selected 
disk drive. 


1,0 
DSI,DSO 
Drive Select. Indicates the currently selecteddisk drive number. 


In the non-DMA mode, transfer requests are indicated 
by activation 
of both the INT output 
signal and the 
RQM flag (bit 7) in the Main Status Register. INT can 
be used for interrupt-driven 
systems and RQM can be 
used for polled systems. The system processor must re- 
spond to the transfer request by reading data from (ac- 
tivating RD), or writing data to (activating WR), the 
FDC. This response removes the transfer request (lNT 
and RQM are set inactive). After completing the last 
transfer, 
the 8272 activates the INT output to indicate 


the beginning 
of the result phase. 
In the non-DMA 
mode, the processor must activate the TC signal to the 
FDC (normally 
by means of an I/O 
port) after the 


transfer request for the last data byte has been received 
(by the processor) and before the appropriate 
data byte 


has been read from (or written to) the FDC. 


In either mode of operation (DMA or non-DMA), 
the 


execution phase ends when a terminal count signal is 
sensed or when the last sector on a track (the EOT 
parameter- 
Table 5) has been read or written. In addi- 


tion, if the disk drive is in a "not 
ready" 
state at the 
beginning of the execution phase, the "not ready" flag 
(bit 3 in Status Register 0) is set (high) and the command 
is terminated. 


If a fault signal is received from the disk drive at the end 
of a write operation 
(Write Data, Write Deleted Data, 
or Format), 
the FDC sets the "equipment 
check" flag 


(bit 4 in Status Register 0), and terminates the command 
after setting the interrupt 
code (bits 7 and 6 of Status 
Register 0) to "01" 
(bit 7 low, bit 6 high). 


During 
disk read/write 
transfers 
(Read Data, 
Write 
Data, Read Deleted Data, and Write Deleted Data), the 
FDC will continue to transfer data from sequential sec- 
tors until the TC input is sensed. In the DMA mode, the 


TC input is normally connected to the TC/EOP 
(ter- 


minal count) output of the DMA controller. In the non- 
DMA mode, the processor directly controls the FDC TC 
input as previously described. 
Once the TC input is 


received, the FDC stops requesting data transfers (from 
the system processor or DMA controller). 
The FDC, 


however, continues to read data from, or write data to, 
the floppy disk until the end of the current disk sector. 
During a disk read operation, 
the data read from the 


disk (after reception of the TC input) is discarded, but 
the data CRC is checked for errors; during a disk write 
operation, 
the remainder of the sector is filled with all- 
zero bytes. 


If the TC signal is not received before the last byte of the 
current sector has been transferred to/from 
the system, 


the FDC increments the sector number by one and ini- 
tiates a read or write command for this new disk sector. 


The FDC is also designed to operate in a multi-track 
mode for dual-sided 
disks. In the multi-track 
mode 


(specified by means of the MT flag in the command 
byte- 
Table 5) the FDC will automatically 
increment 
the head address (from 0 to I) when the last sector (on 
the track 
under 
head 0) has been read or written. 


Reading or writing is then continued on the first sector 
(sector 1) of head 1. 


After the power-on reset, the 8272 automatically 
enters 


a drive status polling mode. If a change in drive status is 
detected (all drives are assumed to be "not 
ready" 
at 


power-on), 
an interrupt 
is generated. 
The 8272 con- 


tinues this status polling between command executions 
(and between step pulses in the Seek command). 
In this 


manner, 
the 8272 automatically 
notifies 
the system 


processor when a floppy disk is inserted, removed, or 
changed by the operator. 
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Table 8. Inlerrupt 
COdes 
Seek End 
Interrupt 
COde 


Cause 


Bil5 
Bit 6 
Bit 7 
0 
1 
1 
Ready Line changed 
state, either Polarity 
1 
0 
0 
Normal Termination 
of Seek Or Recalibrate 
Command 
1 
I 
0 
Abnormal 
Termination 
of Seek Or Recalibrate 
Command 


Noth" 'h, s.,k nOt 'h, R""lib"" 
'Om""'d 
h", • 
""oJ, Ph",. Th"'fo", i,i, ""nd"o", '0 n" 'h, S.."" 
1n""op, Sta,,, eo"''''.nd .n" th<s,'O"'''''nd, to 
'ff<sti,oy"""anI< 'hon "'d '0Pto"'d, '''ifl''''on 
of 
the disk head POsition. 


When an interrupt is received by the processor, the FDC 
busy flag (bit 4) and the non-DMA flag (bit 5) may be 
used to distinguish the above interrupt causes: 


bit 5 
o 
o 
1 


bit 4 
o 
1 
1 


Asynchronous 
event-(2) or (3) above 
Result phase-(l) above 
Data transfer required-(4) above 


A single interrupt request to the processor may, in fact, 
be caused by more than one of the above events. The 
processor 
should 
continue 
to 
issue Sense Interrupt 
Status commands (and service the resulting conditions) 
until an invalid command code is received. In this man- 
ner, all "hidden" 
interrupts are serviced. 


The Seek command causes the drive's read/write 
head 
to be positioned over the specified cylinder. The FDC 
determines the difference between the current cylinder 
address and the desired (specified) address, and issues 
the appropriate 
number of step pulses. If the desired 


cylinder address is larger than the current address, the 
direction signal (LCT/DIR, 
pin 38) is set high (step-in); 
the direction signal is set low (step-out) if the desired 
cylinder address is less than the current 
address. 
No 
head movement occurs (no step pulses are issued) if the 
desired cylinder is the same as the current cylinder. 


The rate at which step pulses are issued is controlled by 
the step rate time (SRT) in the Specify command. After 
each step pulse is issued, the desired cylinder address is 
compared 
against the current cylinder address. 
When 


the cylinder addresses are equal, the "seek end" 
flag 


(bit 5 in Status Register 0) is set (high) and the command 
is terminated. 
If the disk drive becomes "not 
ready" 
during 
the seek operation, 
the "not 
ready" 
flag (in 
Status Register 0) is set (high) and the command is ter- 
minated. 


During the command phase of the Seek operation 
the 
FDC is in the FDC busy state, but during the execution 
phase it is in the non-busy state. While the FDC is in the 
non-busy state, another Seek command may be issued. 
In this manner parallel seek operations may be in opera- 
tion on up to four floppy disk drives at once. The Main 
Status Register contains a flag for each drive (Table 4) 
that indicates whether the associated drive is currently 
operating in the seek mode. When a drive has completed 
a seek operation, 
the FDC generates an interrupt. 
In 


response 
to this interrupt, 
the system Software must 


issue a Sense Interrupt 
Status command. 
During the 


result phase of this command, 
Status Register 0 (con- 


taining the drive number in bits 0 and 1) is read by the 
processor. 


This command causes the read/write 
head of the disk 


drive to retract to the track 0 position. The FDC clears 
the contents of its internal cylinder counter, and checks 
the status of the track 0 signal from the disk drive. As 
long as the track 0 signal is low, the direction signal re- 
mains high and step pulses are issued. When the track 0 
signal goes high, the seek end flag (in Status Register 0) 
is set (high) and the command is terminated. 
If the track 


o signal is stiIllow after 77 step pulses have been issued, 
the seek end and equipment 
check flags (in Status 


Register 0) are both set and the Recalibrate command is 
terminated. 


Recalibrate 
commands 
for 
multiple 
drives 
can 
be 


overlapped in the same manner that Seek commands are 
overlapped. 


The Format Track command formats or "initializes" 
a 


track on a floppy disk by writing the ID field, gaps, and 
address marks for each sector. Before issuing the For- 
mat command, the Seek command must be used to posi- 
tion the read/write head over the correct cylinder. In ad- 
dition, a table of ID field values (cylinder, head, and 
sector 
addresses 
and 
sector 
length 
code) 
must 
be 


prepared before the command is executed. During com- 
mand execution, the FDC accesses the table and, using 
the values supplied, writes each sector on the track. The 
ID field address mark originates from the FDC and is 
written automatically 
as the first byte of each sector's 


ID field. The cylinder, head, and sector addresses are 
taken, 
in order, 
from the table. 
The ID field CRC 


character (derived from the data written in the first five 
bytes) is written as the last two bytes of the ID field. 
Gaps are written automatically 
by the FDC, with the 


length of the variable gap determined by one of the For- 
mat command parameters. 


The data field address mark is generated by the FDC 
and is written automatically as the first byte of the data 
field. The data pattern specified in the command phase 
is written into each data byte of each sector. A CRC 
character is derived from the data address mark and the 
data written in the sector's data field. The two CRC 
bytes are appended to the last data byte. 


The formatting 
of a track begins at the physical index 


mark. 
As previously 
mentioned, 
the order of sector 


assignment is taken directly from the formatting 
table. 


Four entries are required for each sector: a cylinder ad- 
dress, a head address, 
a sector address, 
and a sector 


length code. The cylinder address in the ID field should 
be equal to the cylinder address of the track currently 
being formatted. 


The sector addresses must be unique (no two equal). 
The order of the sector entries in the table is the se- 
quence in which sector numbers appear on the track 
when 
it 
is 
formatted. 
The 
number 
of 
entry 
sets 


(cylinder, head, and sector address and sector length 
code) must equal the number of sectors allocated to the 
track (specified in the command phase). 


Since the sector address is supplied, in order, for each 
sector, tracks can be formatted 
sequentially 
(the first 


sector following the index mark is assigned sector ad- 
dress 1, the adjacent sector is assigned sector address 2, 
and so on) or sector numbers can be interleaved (see sec- 
tion 3) on a track. 


Table 9 lists recommended 
gap sizes and sectors/track 


for various sector sizes. 


Nine (9) bytes are required to complete the command 
phase specification for the Read Data command. 
Dur- 


ing the execution phase, the FDC loads the head (if it is 
in the unloaded state), waits the specified head load time 
(defined in the Specify command), 
and begins reading 


ID address marks and ID fields. When the requested 
sector address compares 
with the sector address read 


from the disk, the FDC outputs 
data (from the data 


field) byte-by-byte to the system. The Read Data com- 
mand automatically 
operates in the multi-sector 
mode 
described 
earlier. 
In addition, 
multi-track 
operation 
may be specified by means of the MT command 
flag 


(Table 5). The amount of data that can be transferred 
with a single command 
to the FDC depends on the 


multi-track 
flag, the recording 
density flag, and the 


number of bytes per sector. 


During the execution of read and write commands, the 
special sector size parameter 
(DTL) is used to tem- 


porarily alter the effective disk sector size. By setting the 
sector size code (N) to zero, DTL may be used to specify 
a sector size from 1 to 256 bytes in length. If the actual 
sector (on the disk) is larger than DTL specifies, only 
the number of bytes specified by the DTL parameter are 


passed to the system; the remainder of the actual disk 
sector is not transferred 
(although the data is checked 


for CRC errors). Multi-sector read operations 
are per- 


formed in the same manner as they are when the sector 
size code is non-zero. (The N and DTL parameters 
are 


always present in the command sequence. DTL should 
be set to FF hexadecimal when N is not zero.) 


If the FDC 
detects 
the physical 
index 
mark 
twice 


without finding the requested sector, the FDC sets the 
"sector not found error" flag (bit 2 in Status Register I) 
and terminates the Read Data command. The interrupt 
code (bits 7 and 6 of Status Register 0) is set to "01." 
Note that the FDC searches for each sector in a multi- 
sector operation. Therefore, a "sector not found" error 
may occur after 
successful transfer 
of one or more 


preceding sectors. This error could occur if a particular 
sector number was not included when the track was first 
formatted or if a hard error on the disk has invalidated a 
sector ID field. 


After reading the ID field and data field in each sector, 
the FDC checks the CRC bytes. If a read error is detect- 
ed (incorrect CRC in the ID field), the FDC sets the 
"data 
error" 
flag in Status Register I; if a CRC error 


occurs in the data field, the FDC sets the "data error" 
flag in Status Register 2. In either error condition, 
the 


FDC terminates the Read Data command. The interrupt 
code (bits 7 and 6 in Status Register 0) is set to "01." 


If the FDC reads a deleted data address mark from the 
disk, and the skip flag (specified during the command 
phase) is not set, the FDC sets the "control 
mark" 
flag 


(bit 6 in Status Register 2) and terminates the Read Data 
command (after reading all the data in the sector). If the 
skip flag is set, the FDC skips the sector with the deleted 
data address mark and reads the next sector. Thus, the 
skip flag may be used to cause the FDC to ignore deleted 
data sectors during a multi-sector read operation. 


During disk data transfers 
between the FDC and the 
system, the FDC must be serviced by the system (proc- 
essor or DMA controller) every 27 /AS in the FM mode, 
and every 13 /AS in the MFM mode. If the FDC is not 


- 


N 
SC 
GPL1 
GPL2 


Format 
Sector Size 
Sector Size 
Sectors! 
Gap 3 
Gap 3 
Remarks 
Code 
Track 
Length 
Length 


128 bytes/Sector 
00 
IA(16) 
07(16) 
IB(16) 
IBM 
Diskette 
1 
FM 
Mode 
256 
01 
OF(16) 
OE(16) 
2A(16) 
IBM 
Diskette 
2 
512 
... 
02 
08 
1B(16) 
3A(16) 


256 
01 
IA(16) 
OE(16) 
36(16) 
IBM 
Diskette 
2D 


MFM 
Mode 
512 
02 
OF(16) 
IB(16) 
54(16) 


1024 
03 
08 
35(16) 
74(16) 
IBM 
Diskette 
2D 


Notes: 
1. Suggested values of GPL in Read or Write commands to avoid splice point between data field and ID field of contiguous 
sectors. 


2. Suggested values of GPL in Format command. 


serviced within this interval, the "overrun 
error" 
flag 
(bit 4 in Status Register 1)is set and the Read Data com- 
mand is terminated. 


If the processor terminates a read (or write) operation in 
the FDC, 
the ID information 
in the result phase is 
dependent upon the state of the multi-track flag and end 
of track byte. Table 11 shows the values for C, H, R, 
and N, when the processor terminates the command. 


Nine (9) bytes are required to complete the command 
phase specification for the Write Data command. 
Dur- 
ing the execution phase the FDC loads the head (if it is 
in the unloaded state), waits the specified head load time 
(defined by the Specify command), 
and begins reading 


sector ID fields. When the requested 
sector address 


compares with the sector address read from the disk, the 
FDC reads data from the processor one byte at a time 
via the data bus and outputs the data to the data field of 
that sector. The CRC is 'computed on this data and two 
CRC bytes are written at the end of the data field. 


The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (incor- 
rect CRC) in one of the ID fields, it sets the "data 
error" flag (bit 5 in Status Register 1) and terminates the 
Write Data command. 
The interrupt code (bits 7 and 6 


in Status Register 0) is set to "01." 


The Write Data command operates in much the same 
manner 
as the Read Data command. 
The following 


items are the same; refer to the Read Data command for 
details: 


• Multi-sector and Multi-track operation 
• Data transfer capacity 
• "End of track error" 
flag 
• "Sector not found error" 
flag 
• "Data error" 
flag 
• Head unload time interval 
• ID information 
when the processor 
terminates 
the 


command (see Table 11) 
• Definition of DTL when N =0 and when N,* 0 


During the Write Data execution phase, data transfers 
between the processor and FDC must occur every 31 IlS 
in the FM mode, and every 15 IlS in the MFM mode. If 
the time interval between data transfers is longer than 
this, the FDC sets the "overrun error" flag (bit 4 in Sta- 
tus Register 1) and terminates the Write Data command. 


This command operates in almost the same manner as 
the Read Data command operates. The only difference 
involves the treatment of the data address mark and the 


skip flag. When the FDC detects a data address mark at 
the beginning of a data field (and the skip flag is not 
set), the FDC reads all the data in the sector, sets the 
"control mark" flag (bit 6 in Status Register 2), and ter- 
minates the command. 
If the skip flag is set, the FDC 


skips the sector with the data address mark and con- 
tinues reading at the next sector. Thus, the skip flag may 
be used to cause the FDC to read only deleted data sec- 
tors during a multi-sector read operation. 


This command 
operates 
in the same manner 
as the 


Write Data command 
operates 
except that a deleted 


data address mark is written at the beginning of the data 
field instead of the normal 
data address mark. 
This 


command 
is used to mark a bad sector (containing 
a 


hard error) on the floppy disk. 


The Read Track command is similar to the Read Data 
command except that the entire data field is read con- 
tinuously 
from each of the sectors of a track. 
Im- 


mediately after encountering 
the physical index mark, 


the FDC starts reading all data fields on the track as 
continuous blocks of data. If the FDC finds an error in 
the ID field or data field CRC check bytes, it continues 
to read data from the track. The FDC compares the ID 
information 
read 
from 
each sector 
with the values 


specified during the command phase. If the specified ID 
field information 
is not found on the track, the "sector 


not found error" flag (in Status Register 1) is set. Multi- 
track 
and skip operations 
are not allowed with this 


command. 


This command terminates when the last sector on the 
track has been read. (The number of sectors on the track 
is specified by the end of track parameter 
byte during 


the command phase.) If the FDC does not find an ID 
address mark on the disk after it encounters the physical 
index mark for the second time, it sets the "missing ad- 
dress mark error" 
flag (bit 0 in Status Register I) and 


terminates the command. The interrupt code (bits 7 and 
6 of Status Register 0) is set to "01." 


The Read ID command transfers (reads) the first correct 
ID field from the current 
disk track 
(following 
the 


physical index mark) 
to the processor. If no correct ID 


address mark is found on the track, the "missing 
ad- 


dress mark error" 
flag is set (bit 0 in Status Register 1). 


If no data mark is found on the track, the "sector not 
found error" 
flag is also set (bit 2 in Status Register 1). 


Either 
error 
condition 
causes 
the 
command 
to 
be 


terminated. 


Scan Commands 


The Scan commands allow the data being read from the 
disk to be compared against data supplied by the system 
(by the processor in non-DMA mode, and by the DMA 
controller in DMA mode). The FDC compares the data 
on a byte-by-byte 
basis, and searches for a sector of 
data that meets the conditions of "disk data equal to 
system data", 
"disk data less than or equal to system 
data", 
or "disk 
data greater than or equal to system 
data". 
Simple binary (ones complement) 
arithmetic is 


used for comparison (FF =largest number, 00 = smallest 
number). 
If, after a complete sector of data is com- 


pared, the conditions are not met, the sector number is 
incremented by the scan sector increment (specified in 
the command 
phase), and the scan operation 
is con- 


tinued. The scan operation 
continues until one of the 


following conditions occurs; the conditions for scan are 
met (equal, low, or high), the last sector on the track is 
reached, or the terminal count signal is received. 


If the conditions 
for scan are met, the FDC sets the 


"scan 
hit" 
flag (bit 3 in Status Register 2) and ter- 
minates the Scan commanC:. If the conditions for scan 


are not met between the starting sector and the last sec- 
tor on the track (specified in the command phase), the 
FDC sets the "scan not satisfied" 
flag (bit 2 in Status 


Register 2) and terminates the Scan com!Uand. The re- 
ceipt of a terminal count signal from the processor or 
DMA controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte 
which is in process, 
and to terminate 
the command. 


Table 10 shows the status of the "scan hit" and "scan 


Command 
Status 
Register 
2 
Comments 
Bit 2 =SN 
Bit 3= SH 


Scan Equal 
0 
I 
DFDO = Dprocessor 


I 
0 
DFOO" 
Dprocessor 


Scan Low 
0 
I 
DFDO = Dprocessor 


or Equal 
0 
0 
DFDO< 
Dprocessor 


I 
0 
DFD01; 
Dprocessor 


Scan High 
0 
I 
DFOO = Dprocessor 


or Equal 
0 
0 
DFDO> 
Dprocessor 


I 
0 
DFDOt 
Dprocessor 


Final Sector 
Transferred 


EOT 
to 
10 Information 
at Result 
Phase 
MT 
Processor 
C 
H 
R 
N 


IA 
Sector I to 25 at Side 0 
OF 
Sector I to 14 at Side 0 
NC 
NC 
R+I 
NC 
08 
Sector I to 7 at Side 0 


IA 
Sector 26 at Side 0 
OF 
Sector 15 at Side 0 
C+I 
NC 
R=OI 
NC 


0 
08 
Sector 8 at Side 0 


IA 
Sector I to 25 at Side I 
OF 
Sector I to 14 at Side I 
NC 
NC 
R+I 
NC 


08 
Sector I to 7 at Side I 


IA 
Sector 26 at Side I 
OF 
Sector IS at Side I 
C+I 
NC 
R=OI 
NC 
08 
Sector 8 at Side I 


IA 
Sector I to 25 at Side 0 
OF 
Sector I to 14 at Side 0 
NC 
NC 
R+I 
NC 
08 
Sector I to 7 at Side 0 


IA 
Sector 26 at Side 0 
OF 
Sector 15 at Side 0 
NC 
LSB 
R=OI 
NC 


I 
08 
Sector 8 at Side 0 


IA 
Sector I to 25 at Side I 
OF 
Sector I to 14 at Side I 
NC 
NC 
R+I 
NC 
08 
Sector I to 7 at Side I 


IA 
Sector 26 at Side I 
OF 
Sector IS at Side I 
C+I 
LSB 
R=OI 
NC 
08 
Sector 8 at Side I 


Notes: 
I. NC (No Change): 
The same value as the one at the beginning of command 
execution. 


2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


not satisfied" 
flags under 
various 
scan termination 


conditions. 


If the FDC encounters a deleted data address mark in 
one of the sectors and the skip flag is low, it regards the 
sector as the last sector on the cylinder, sets the "control 
mark" 
flag (bit 6 in Status Register 2) and terminates 
the command. If the skip flag is high, the FDC skips the 
sector with the deleted address mark, and reads the next 
sector. 
In this case, the FDC also sets the "control 
mark" 
flag (bit 6 in Status Register 2) in order to show 


that a deleted sector had been encountered. 


NOTE: During scan command execution, the last sector 


on the track must be read for the command to 
terminate 
properly. 
For example, if the scan 


sector increment is set to 2, the end of track 
parameter 
is set to 26, and the scan begins at 


sector 
21, 
sectors 
21, 
23, 
and 
25 will be 


scanned. The next sector, 27 will not be found 
on the track and an abnormal 
command 
ter- 
mination 
will occur. The command would be 


completed in a normal manner if either a) the 
scan had started at sector 20 or b) the end of 
track parameter had been set to 25. 


During the Scan command, data is supplied by the proc- 
essor or DMA controller 
for comparison 
against the 
data read from the disk. In order to avoid having the 
"overrun 
error" flag set (bit 4 in Status Register 1), it is 
necessary to have the data available in less than 27 p's 
(FM Mode) or 13 p's (MFM Mode). If an overrun error 
occurs, the FDC terminates the command. 


If an invalid (undefined) command is sent to the FDC, 
the FDC will terminate the command. 
No interrupt 
is 


generated by the 8272 during this condition. 
Bit 6 and 
bit 7 (DIO and RQM) in the Main Status Register are 
both set indicating to the processor that the 8272 is in 
the result phase and the contents of Status Register 0 
must be read. When the processor reads Status Register 
o it will find an 80H code indicating that an invalid com- 
mand was received. 


A Sense Interrupt Status command must be sent after a 
Seek or Recalibrate interrupt; 
otherwise the FDC will 


consider the next command to be an invalid command. 
Also, when the last "hidden" 
interrupt 
has been ser- 


viced, further 
Sense Interrupt 
Status commands 
will 


result in invalid command codes. 


In some applications the user may wish to use this com- 
mand as a No-Op command 
to place the FDC in a 


stand-by or no operation state. 


As briefly discussed in section 2, LSI disk controllers 
such as the 8272 require external circuitry to generate a 
data window signal. This signal is used within the FDC 
to isolate the data bits contained 
within the READ 


DATA input 
signal from 
the disk drive. 
(The disk 


READ DATA signal is a composite signal constructed 
from both clock and data information.) 
After isolating 


the data bits from this input signal, the FDC assembles 
the data bits into 8-bit bytes for transfer to the system 
processor or memory. 


In single-density (FM) recording (Figure 3 ), the bit cell 
is 4 microseconds wide. Each bit cell contains a clock bit 
at the leading edge of the cell. The data bit (if present) is 
always located at the center of the cell. The job of data 
separation 
is 
relatively 
straightforward 
for 
single- 


density; simply generate a data window 2 p's wide start- 
ing 1 p.safter each clock bit. Since every cell has a clock 
bit, a fixed window reference is available for every data 
bit and because the window is 2 p's wide, a slightly 
shifted data bit will still remain within the data window. 


A single-density data separator with these specifications 
may be easily generated using a digital or analog one- 
shot triggered by the clock bit. 


Double-density 
(MFM) bit cells are reduced to 2 p's (in 


order to double the disk data storage capacity). Clock 
bits are inserted into the data stream only if data bits are 
not present in both the current and preceding bit cells 
(Figure 3). The data bit (if present) still occurs at the 
center of the bit cell and the clock bit (if present) still oc- 
curs at the leading edge of the bit cell. 


MFM data separation 
has two problems. 
First, only 


some bit cells contain a clock bit. In this manner, MFM 
encoding loses the fixed bit cell reference pulse present 
in FM encoding. Second, the bit cell for MFM is one- 
half the size of the bit cell for FM. This shorter bit cell 
means that MFM cannot tolerate as large a playback 
data-shift (as FM can tolerate) without errors. 


Since most playback data-shift is predictable, 
the FDC 


can 
precompensate 
the 
write 
data 
stream 
so 
that 


datal clock pulses will be correctly positioned for subse- 
quent playback. This function is completely controlled 
by the FDC and is only required for MFM recording. 
During write operations, 
the FDC specifies an early, 


normal, or late bit positioning. This timing information 
is specified with respect to the FDC write clock. Early 
and late timing is typically 125 ns to 250 ns before or 
after the write clock transition (depending on disk drive 
requirements). 


The data separator circuitry for double-density record- 
ing must continuously 
analyze the total READ DATA 
stream, 
synchronizing 
its operation 
(window genera- 
tion) with the actual clock/data 
bits of the data stream. 
The data separation 
circuit must track the disk input 
data 
frequency 
very closely-unpredictable 
bit shifts 
leave less than 50 ns margin to the window edges. 


Phase· Locked 
Loop 


Only an analog phase-locked 
loop (PLL) can provide 
the reliability required for a double-density data separa- 
tion circuit. (A phase-locked loop is an electronic circuit 
that constantly analyzes the frequency of an input signal 
and locks another oscillator to that frequency.) Using 
analog PLL techniques, 
a data separator 
can be de- 
signed with ± I ns resolution (this would require a 100 
MHz clock in a digital phase-locked loop). The analog 
PLL determines 
the clock and data bit positions 
by 
sampling each bit in the serial data stream. The phase 
relationship 
between a data bit and the PLL generated 
data window is constantly fed back to adjust the posi- 
tion of the data window, enabling the PLL to track in- 
put data frequency changes, and thereby reliably read 
previously recorded data from a floppy disk. 


PLL Design 


A block diagram of the phase-locked loop described in 
this application note is shown in Figure 7. Basically, the 
phase-locked loop operates by comparing the frequency 
of the input data (from the disk drive) against the fre- 
quency of a local oscillator. The difference of these fre- 
quencies is used to increase or decrease the frequency of 
the local oscillator in order to bring its frequency closer 
to that of the input. The PLL synchronizes the local 
oscillator to the frequency of the input during the all 
"zeroes" 
synchronization 
field on the floppy disk (im- 
mediately 
preceding 
both 
the ID field and the data 
field). 


The PLL consists of nine ICs and is located on page 3 of 
the schematics in the Appendix. The 8272 YCO output 
essentially turns the PLL circuitry on and off. When the 
PLL is off, it "idles" 
at its center frequency. The YCO 
output turns the PLL on only when valid data is being 
received from the disk drive. The YCO turns the PLL 
on after the read/write 
head has been loaded and the 
head load time has elapsed. The PLL is turned off in the 
gap between the ID field and the data field and in the 
gap after the data field (before the next sector ID field). 
The GPL parameter 
in the FDC read and write com- 
mands specifies the elapsed time (number of data bytes) 
that the PLL is turned off in order to blank out discon- 
tinuities that appear in the gaps when the write current is 
turned on and off. The PLL operates with either MFM 
or FM input data. The MFM output from the FDC con- 
trols the PLL operation frequency. 


The PLL consists of six functional blocks as follows: 


I. Pulse Shaping - 
A 96LS02 senses a READ DATA 


pulse and provides a clean output signal to the FDC 
and to the PLL Phase Comparator 
and Frequency 


Discriminator 
circuitry. 


2. Phase 
Comparator 
- 
The 
phase 
difference 
be- 
tween the PLL oscillator and the READ DATA input 
is compared. 
Pump up (PU) and pump down (PD) 


error signals are derived from this phase difference 
and output 
to the filter. If there is no phase dif- 


ference between the PLL oscillator and the READ 
DATA input, the PU and PD pulse widths are equal. 
If the READ DATA pulse occurs early, the PU dura- 
tion is shorter than the PD duration. If the data pulse 
occurs late, the PU duration 
is longer than the PD 
duration. 


3. Filter - 
This analog circuit filters the PU and PD 
pulses into an error voltage. This error voltage is buf- 
fered by an LM358 operational 
amplifier. 


READ 
DATA 
(TO 
FDC) 


DATA 
WINDOW 
(TO FDC) 


•.•..r LL 
V;)\,;UUlLUl 
- 
Illl~ 
US\,:lllalUr IS (,,;umposea 
or a 
74LS393, 74LS74, and %LS02. The oscillator 
fre- 
quency is controlled by the error voltage output by 
the filter. This oscillator also generates the data win- 
dow signal to the FDC. 


S. Frequency 
Discriminator 
- 
This logic tracks 
the 
READ 
DATA 
input 
from 
the 
disk 
drive 
and 
discriminates 
between the synchronization 
gap for 
FM recording 
(2S0 KHz) and the gap for MFM 


recording 
(SOO KHz). 
Synchronization 
gaps 
im- 
mediately precede address marks. 


6. Start Logic - 
The function of this logic is to clamp 


the PLL oscillator to its center frequency (2 MHz) 
until the FDC vca signal is enabled and a valid data 
pattern is sensed by the frequency discriminator. 
The 


start logic (consisting of a 74LS393 and 74LS74) en- 
sures that the PLL oscillator 
is started 
with zero 
phase error. 


The PLL must be initially adjusted 
to operate at its 


center frequency with the vca output off and the ad- 
justment 
jumper removed. The SK trimpot 
should be 


adjusted until the frequency at the test point (Q output 
of the 96LS02) is 2 MHz. The jumper should then be 
replaced for normal operation. 


The following paragraphs 
describe the operational 
and 
design details of the phase-locked loop data separator il- 


IUsuateo 10 me appenolX. Note mat tne analog section IS 
operated from a separately filtered + SV supply. 


Initialization 


As long as the 8272 maintains a low vca signal, the 
data separator 
logic is "turned 
ofr'. 
In this state, the 


PLL oscillator (%LS02) is not oscillating and therefore 
the 2XBR signal is constantly 
low. In addition, 
the 
pump up (PU) and pump down (PD) signals are inactive 
(PU low and PD high), the CNT8 signal is inactive 
(low), and the filter input voltage is held at 2.S volts by 
two IMohm resistors between ground and +S volts. 


Floppy Disk Data 


The data separator 
frequency discriminator, 
the input 


pulse shaping circuitry, and the start logic are always 
enabled and respond to rising edges of the READ DATA 
signal. The rising edge of every data bit from the disk 
drive triggers two pulse shaping one-shots. 
The first 


pulse shaper generates a stable and well-defined 200 ns 
read data pulse for input to the 8272 and other portions 
of 
the 
data 
separator 
logic. 
The 
second 
one-shot 


generates a 2.S p.sdata pulse that is used for input data 
frequency discrimination. 


The frequency discriminator 
operates as illustrated 
in 
Figure 8. The 2F output 
signal is active (high) during 


reception of valid MFM (double-density) sync fields on 
the disk while the IF signal is active (high) during recep- 
tion 
of 
valid 
FM 
(single-density) 
sync 
fields. 
A 


multiplexer (controlled by the 8272 MFM signal) selects 
the appropriate 
IF or 2F signal depending on the pro- 


grammed mode. 
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Startup 


The data separator 
is designed to require reception of 


eight valid sync bits (one sync byte) before enabling the 
PLL oscillator and attempting to synchronize with the 
input data stream (see Figure 9). This delay ensures that 
the PLL will not erroneously synchronize outside a valid 
sync field in the data stream if the YCO signal is enabled 
slightly early. The sync bit counter is asynchronously 
reset by the CNTEN signal when valid sync data is not 
being received by the drive. 


Once the YCO signal is active and eight sync bits have 
been counted, the CNT8 signal is enabled. This signal 
turns on the PLL oscillator. 
Note that this oscillator 


starts synchronously with the rising edge of the disk in- 
put data (because CNT8 is synchronous 
with the data 


rising edge) and the oscillator also starts at its center fre- 
quency of 2 MHz (because the LM348 filter input is held 
at its center voltage of approximately 
2.5 volts). This 


frequency is divided by two and four to generate the 
2XBR signal (l MHz for MFM and 500 KHz for FM). 
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At this point, the PLL is enabled and begins to syn- 
chronize with the input data stream. This synchroniza- 
tion is accomplished very simply in the following man- 
ner. The pump up (PU) signal is enabled on the rising 
edge of the READ DATA from· the disk drive .. (When 
the PLL is synchronized with the data stream, this point 
will occur at the same time as the falling edge of the 
2XBR signal as shown in Figure 9). The PU signal is 
turned off and the PD signal is activated on the next ris- 
ing edge of the 2XBR clock. With this scheme, the dif- 
ference between PU active time and the PD active time 
is equal to the difference between the input bit rate and 
the PLL clock rate. Thus, if PU is turned ori longer than 
PD is on, the input bit rate is faster than the PLL clock. 


- 
- 
As long as PU and PD are both inactive, no charge is 
transferred 
to 
or 
from 
the 
LM358 
input 
holding 
capacitor, 
and the PLL output frequency is maintained 
(the LM358 operational 
amplifier has a very high input 
impedance). 
Whenever PU is turned on, current flows 
from the +5 volt supply through a 20K resistor into the 
holding capacitor. 
When the PD signal is turned on, 
current 
flows from the holding 
capacitor 
to ground 
through a 20K resistor. In this manner, both the pump 
up and pump down charging rates are balanced. 


The change in capacitor charge (and therefore voltage) 
after a complete PU/PD 
cycle is proportional 
to the dif- 
ference between the PU and PD pulse widths and is also 
proportional 
to the frequency difference between the in- 
coming data stream and the PLL oscillator. 
As the 
capacitor voltage is raised (PU active longer than PD), 
the PLL oscillator time constant (RC of the 96LS02) is 
modified 
by the filter output 
(LM358) to raise the 
oscillator frequency. As the capacitor voltage is lowered 
(PD active longer than PD), the oscillator frequency is 
lowered. If both frequencies are equal, the voltage on 
the holding capacitor 
does not change, and the PLL 
oscillator frequency remains constant. 


6. AN INTELLIGENT 
DISKETTE 
DATA BASE SYSTEM 


The system described in this application note is designed 
to function as an intelligent data base controller. 
The 
schematics for this data base unit are presented in Ap- 
pendix A; a block diagram of the unit is illustrated in 
Figure 10. As designed, the unit can access over four 
million bytes of mass storage on four floppy disk drives 
(using a single 8272 FDC); the system can easily be ex- 
panded to four FDC devices (and 16 megabytes of on- 
line disk stonge). 
Three serial data links are also includ- 
ed. These data links may be used by CRT terminals or 
other microprocessor 
systems to access the data base. 


'A high-performance 
8088 
eight-bit 
microprocessor 
(operating at 5 MHz with no wait states) controls system 
operation. 
The 8088 was selected because of its memory 
addressing 
capabilities 
and 
its 
sophisticated 
string 
handling instructions. These features improve the speed 
of 
data 
base 
search 
operations. 
In addition, 
these 
capabilities allow the system to be easily upgraded with 
additional memory, disk drives, and if required, a bub- 
ble memory or winchester disk unit. 


The schematics for the basic design provide 8K bytes of 
2732A high-speed 
EPROM 
program 
storage 
and 8K 
bytes of disk directory 
and 
file buffer 
RAM. 
This 
memory 
can easily be expanded 
to 
I megabyte 
for 
performance 
upgrades. 


An 8259A Programmable 
Interrupt Controller (PIC) is 
also included in the design to field interrupts from both 
the serial port and the FDC. This interrupt 
controller 
provides a large degree of programming 
flexibility for 
the implementation 
of data base functions in an asyn- 
chronous, demand driven environment. 
The PIC allows 
the system to accumulate 
asynchronous 
data base re- 
quests 
from 
all 
serial 
I/O 
ports 
while 
previously 
specified data base operations are currently in progress. 
This feature is made possible by the ability of the 8251A 
RXRDY signal to cause a processor 
interrupt. 
After 
receiving this interrupt, 
the processor can temporarily 
halt work on existing requests and enter the incoming 
information 
into a data base request buffer. Once the 
information has been entered into the buffer, the system 
can resume its previous processing. 


In addition, the PIC permits some portions of data base 
requests to be processed in parallel. For example, once a 
disk record has been loaded into a memory buffer, 
a 
memory search can proceed in parallel with the loading 
of the next record. After the FDC completes the record 
transfer, the memory search will be interrupted 
and the 
processor can begin another disk transfer before resum- 
ing the memory search. 


The bus structure of the system is split into three func- 
tional buffered units. A 20-bit address from the proc- 
essor is latched 
by three-state 
transparent 
74LS373 
devices. When the processor is in control of the address 
and data busses, these devices are output enabled to the 
system buffered address bus. All I/O devices are placed 
directly on the local data bus. Finally, the memory data 
bus is isolated from the local data bus by an 8286 octal 
transceiver. 
The direction of this transceiver 
is deter- 
mined by the Memory 
Read signal, while its output 
enable is activated by a Memory Read or Memory Write 
command. 
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- 
- four DMA address bits before a data transfer. When the 


The three RS-232-C compatible serial I/O ports operate 
DMA controller 
assumes bus control, 
the contents of 


at software-programmable 
baud rates to 19.2K. Each 
this latch are output enabled on the upper four bits of 


I/O port is controlled by an 8251A USART (Universal 
the address bus. The only restriction in the use of this 


Synchronous/Asynchronous 
Receiver/Transmitter). 
address latch is that a single disk read or write transfer 


Each USART is individually programmable 
for opera- 
cannot cross a 64K memory boundary. 
tion in many synchronous and asynchronous serial data 
transmission 
formats 
(including 
IBM 
Bi-sync). 
In 
operation, 
USART error detection 
circuits can check 
for parity, data overrun, and framing errors. An 8253 
Programmable 
Interval Timer is employed to generate 


the baud rates for the serial I/O ports. 


The Transmitter 
Ready 
and Receiver Ready output 
signals of the 8251As are routed to the interrupt inputs 
of the 8259A interrupt 
controller. 
These signals inter- 
rupt processor execution when a data byte is received by 
a USART and also when the USART is ready to accept 
another data byte for transmission. 


The 8272 FDC interfaces to system memory by means of 
an 8237-2 high-speed 
DMA controller. 
Transfers 
be- 


tween the disk controller and memory also operate with 
no wait states when 2114-3 (ISOns) or faster static RAM 
is used. In operation, 
the 8272 presents a DMA request 
to the 8237 for every byte of data to be transferred. 
This 
request causes the 8273 to present a HOLD request to 
the 8088. As soon as the 8088 is able to relinquish 
data/address 
bus control, the processor signals a HOLD 
acknowledge to the 8237. The 8237 then assumes con- 
trol over the data and address busses. After latching the 
address 
for 
the 
DMA 
transfer, 
the 
8237 generates 
simultaneous 
I/O Read and Memory Write commands 
(for 
a disk 
read) 
or 
simultaneous 
I/O 
Write 
and 
Memory Read commands (for a disk write). At the same 
time, the 8272 is selected as the I/O device by means of 
the DMA acknowledge signal from the 8237. After this 
single byte has been transferred 
between. the FDC and 
memory, the DMA controller releases the data/address 
busses to the 8088 by deactivating the HOLD request. In 
a short period of time (13 JLS for double-density and 27 


JLS for single-density) 
the FDC requests a subsequent 
data transfer. 
This transfer occurs in exactly the same 
manner as the previous transfer. After all data transfers 
have been completed (specified by the word count pro- 
grammed into the 8237 before the FDC operation was 
initiated), the 8237 signals a terminal count (EOP pin). 
This terminal 
count signal informs the 8272 that the 
data transfer 
is complete. Upon reception of this ter- 


minal count signal, the 8272 halts DMA requests and 
initiates an "operation 
complete" 
interrupt. 


Since the system is designed for 20-bit addressing, 
a 
four-bit DMA-address 
latch is included as a processor 


The 8272 FDC may be interfaced to a maximum of four 
eight-inch floppy disk drives. Both single- and double- 
density drives are accommodated 
using the data separa- 


tion circuit described in section 5. In addition, single- or 
dual-sided disk drives may be used. The 8272 is driven 
by an 8 MHz crystal controller clock produced 
by an 


8224 clock generator. 


Drive select signals are decoded by means of a 74LS139 
from the DSO, DSI outputs of the FDC. The fault reset, 
step, low current, 
and direction 
outputs 
to the disk 


drives are generated 
from the FR/STEP, 
LCT/DIR, 


and RW/SEEK 
FDC output 
signals by means of a 


74LS240. The other half of the 74LS240 functions as an 
input multiplexer for the disk write protect, two-sided, 
fault, and track zero status signals. These signals are 
multiplexed into the WP/TS and FLT/TRKO 
inputs to 


the 8272. 


The 8272 write clock (WR CLK) is generated by a ring 
counter Imultiplexer 
combination. 
The write clock fre- 


quency is I MHz for MFM recording and 500 KHz for 
FM recording 
(selected by the MFM output 
of the 


8272). The pulse width is a constant 250 ns. The write 
clock is constantly generated and input to the FDC (dur- 
ing both read and write operations). 
The FDC write 


enable output (WE) is transmitted 
directly to the write 


gate disk drive input. 


Write data to the disk drive is preshifted (according to 
the PSO, PSI FDC outputs) 
by the combination 
of a 


74LSI75 four-bit latch and a 74LSI53 multiplexer. The 
amount of preshift is completely controlled within the 
8272 FDC. Three cases are possible: the data may be 
written one clock cycle early, one clock cycle late, or 
with no preshift. The data preshift circuit is activated by 
the FDC only in the double-density mode. The preshift 
is required to cancel predictable 
playback 
data shifts 


when recorded data is later read from the floppy disk. 


A single 50-conductor 
flat cable connects the board to 


the floppy disk drives. FDC outputs are driven by 7438 
open collector high-current 
line-drivers. 
These drivers 


are resistively terminated on the last disk drive by means 
of a ISOohm resistor to +5V. The line receivers are 7414 
Schmitt 
triggered 
inverters 
with 
ISO ohm 
pull-up 


resistors on board. 


This section contains a quick review of key features and 
issues, most of which have been mentioned in other sec- 
tions of this application note. Before designing with the 
8272 FDC, it is advisable that the information 
in this 


section be completely understood. 


1. Multl·Sector Transfers 
The 8272 always operates 
in a multi-sector 
transfer 


mode. The 8272 continues to transfer data until the TC 
input is activated. In a DMA configuration, 
the TC in- 


put 
of the 8272 must 
always be connected 
to the 


EOP/TC 
output of the DMA controller. When multiple 
DMA channels are used on a single DMA controller, 
EOP must be gated with the select signal for the proper 
FDC. If the TC signal is not gated, a terminal count on 
another channel will abort FDC operation. 


In a processor driven configuration 
with no DMA con- 


troller, the system must count the transfers and supply a 
TC signal to the FDC. In a DMA environment, ORing a 
programmable 
TC with the TC from the DMA con- 


troller is a convenient means of ensuring that the proc- 
essor may always gain control of the FDC (even if the 
diskette system hangs up in an abnormal manner). 


2. Processor Command/Result Phase Interface 
In the command phase, the processor must write the ex- 
act number of parameters 
in the exact order shown in 


Table 5. During the result phase, the processor must 
read the complete result status. For example, the For- 
mat Track command requires six command bytes and 
presents seven result bytes. The 8272 will not accept a 
new command until all result bytes are read. Note that 
the number of command and result bytes varies from 
command-to-command. 
Command 
and result phases 


cannot be shortened. 


During both the command and result phases, the Main 
Status Register must be read by the processor before 
each byte of information is read from, or written to, the 
FDC Data Register. Before each command byte is writ- 
ten, DIO (bit 6) must be low (indicating a data transfer 
from the processor) and RQM (bit 7) must be high (in- 
dicating that the FDC is ready for data). During the 
result 
phase, 
DIO 
must 
be high (indicating 
a data 


transfer to the processor) and RQM must also be high 
(indicating that data is ready for the processor). 


NOTE: After the 8272 receives a command 
byte, the 
RQM flag may remain set for 12 microseconds 
(with an 8 MHz clock). Software should not at- 
tempt to read the Main Status Register before 
this time interval has elapsed; otherwise, 
the 


software will erroneously assume that the FDC 
is ready to accept the next byte. 


3. Sector Sizes 
The 8272 does not support 128 byte sectors in the MFM 
(double-density) 
mode. 


4. Write Clock 
The FDC Write Clock input (WR CLK) must be present 
at all times. 


5. Reset 
The FDC Reset input (RST) must be held active during 
power-on reset while the RD and WR inputs are active. 
If the reset input becomes inactive while RD and WR 
are still active, the 8272 enters the test mode. Once ac- 
tivated, 
the test mode can only be deactivated 
by a 


power-down condition. 


6. Drive Status 
The 8272 constantly polls (starting after the power-on 
reset) all drives for changes in the drive ready status. At 
power-on, 
the FDC assumes that 
all drives are not 


ready. If a drive application requires that the ready line 
be strapped active, the FDC will generate an interrupt 
immediatdy 
after power is applied. 


7. Gap Length 
Only the gap 3 size is software programmable. 
All other 


gap sizes are fixed. In addition, 
different 
gap 3 sizes 


must be specified in format, read, write, and scan com· 
mands. 
Refer to Section 3 and Table 9 for gap size 


recommendations. 


8. Seek Command 
The drive busy flag in the Main Status Register remains 
set after a Seek command is issued until the Sense Inter- 
rupt Status command is issued (following reception of 
the seek complete interrupt). 


The FDC does not perform implied seeks. Before issu- 
ing data read or write commands, 
the read/write 
head 


must be positioned over the correct cylinder. If the head 
is not positioned correctly, a cylinder address error is 
generated. 


After issuing a step pulse, the 8272 resumes drive status 
polling. For correct stepper operation in this mode, the 
stepper motor must be constantly enabled. (Most drives 
provide a jumper to permit the stepper motor to be con- 
stantly enabled.) 


9. Step Rate 
The 8272 can emit a step pulse that is one millisecond 
faster than the rate programmed by the SRT parameter 
in the Specify command. 
This action may cause subse- 


quent sector not found errors. The step rate time should 
be programmed to be 1 ms longer than the step rate time 
required by the drive. 


10. Cable Length 
A cable length of less than 10 feet is recommended 
for 


drive interfacing. 


11. Scan Commands 
The current 8272 has several problems when using the 
scan commands. These commands should not be used at 
this time. 


12. Interrupts 
When the processor receives an interrupt from the FDC, 
the FDC may be reporting one of two distinct events: 


a) The beginning of the result phase of a previously re- 


o quested read, write, or scan command. 


b) An asynchronous 
event such as a seek/recalibrate 
completion, 
an attention, 
an abnormal 
command 
termination, 
or an invalid command. 


These two cases are distinguished by the FDC busy flag 
(bit 4) in the Main Status Register. If the FDC busy flag 
is high, the interrupt is of type (a). If the FDC busy flag 
is low, the interrupt 
was caused by an asynchronous 
event (b). 


A single interrupt 
from the FDC may signal more than 
one of the above events. After receiving an interrupt, 
the processor 
must continue 
to issue Sense Interrupt 
Status commands (and service the resulting conditions) 
until an invalid command code is received. In this man- 
ner, 
all 
"hidden" 
interrupts 
are 
ferreted 
out 
and 
serviced. 


13. Skip Flag (SK) 
The skip flag is used during the execution of Read Data, 
Read Deleted Data, Read Track, and various Scan com- 
mands. This flag permits the FDC to skip unwanted sec- 
tors on a disk track. 


When performing 
a Read Data, Read Track, or Scan 
command, 
a high SK flag indicates that the FDC is to 


skip over (not transfer) any sector containing a deleted 
data address mark. 
A low SK flag indicates that the 
FDC is to terminate the command (after reading all the 
data in the sector) when a deleted data address mark is 
encountered. 


When performing 
a Read Deleted Data command, 
a 
high SK flag indicates that sectors containing 
normal 
data address marks are to be skipped. Note that this is 
just the opposite situation from that described in the last 
paragraph. 
When a data address mark is encountered 
during a Read Deleted Data command (and the SK flag 


is low), the FDC terminates the command after reading 
all the data in the sector. 


14. Bad Track Maintenance 
The 8272 does not internally maintain bad track infor- 
mation. The maintenance 
of this information 
must be 


performed by system software. As an example of typical 
bad track operation, 
assume that a media test deter- 


mines that track 31 and track 66 of a given floppy disk 
are bad. When the disk is formatted for use, the system 
software formats physical track 0 as logical cylinder 0 
(C =0 in the command 
phase 
parameters), 
physical 


track 
I as logical track 
I (C = 1), and so on, until 


physical track 30 is formatted 
as logical cylinder 30 


(C = 30). Physical track 31 is bad and should be format- 
ted as logical cylinder FF (indicating a bad track). Next, 
physical track 32 is formatted as logical cylinder 31, and 
so on, until physical track 67 is formatted 
as logical 


cylinder 64. Next, bad physical track 66 is formatted as 
logical cylinder FF (another 
bad track marker), 
and 


physical track 67 is formatted 
as logical cylinder 65. 
This formatting 
continues until the last physical track 


(77) is formatted as logical cylinder 75. Normally, after 
this formatting is complete, the bad track information is 
stored in a prespecified area on the floppy disk (typical- 
ly in a sector on track 0) so that the system will be able 
to recreate the bad track information 
when the disk is 


removed from the drive and reinserted 
at some later 


time. 


To 
illustrate 
how 
the system 
software 
performs 
a 


transfer operation disk with bad tracks, assume that the 
disk drive head is positioned 
at track 0 and the disk 


described above is loaded into the drive. If a command 
to read track 36 is issued by an application program, the 
system software 
translates 
this read command 
into a 


seek to physical track 37 (since there is one bad track 
between 0 and 36, namely 31) followed by a read of 
logical cylinder 36. Thus, the cylinder parameter C is set 
to 37 for the Seek command and 36 for the Read Sector 
command. 


15. Head Load versus Head Settle Times 
The 8272 does not permit separate specification of the 
head load time and the head settle time. When the 
Specify command 
is issued for a given disk drive, the 


proper value for the HLT parameter is the maximum of 
the head load time and the head settle time. 


Part 
Ref Oe81g 
+5 
GNO 
+12 
-12 


8088 
A2 
40 
1,20 
8224 
16 
9,16 
8 
8237-2 
A6 
31 
20 
8251A 
A9,B9,C9 
26 
4 
8253-5 
AIO 
24 
12 
8259A 
BIO 
28 
14 
8272 
010 
40 
20 
8284 
Al 
18 
9 
8286 
B6,F4 
20 
10 


2114 
FI,F2,OI,02,Hl,H2,Il,12 
18 
9 
2732A 
OI,D2 
24 
12 


74LSOO 
EI 
14 
7 
74LS04 
B2,E6,E8,F8 
14 
7 
74LS27 
E2,E5 
14 
7 
74LS32 
Bl 
14 
7 
74LS74 
A4,05,H6 
14 
7 
74LS138 
F3 
16 
8 
74LS139 
EIO 
16 
8 
74LS153 
13 
16 
8 
74LSI57 
F6 
16 
8 
74LSI64 
F5 
14 
7 
74LSI73 
G3 
16 
8 
74LS175 
04 
16 
8 
74LS240 
010 
20 
10 
74LS257 
D3 
16 
8 
74LS367 
C3,E9 
16 
8 
74LS373 
B4,C4,D4,C6 
20 
10 
74LS393 
I5,F7 
14 
7 


74S08 
E4 
14 
7 
748138 
D6,E3 
16 
8 


7414 
H7 
14 
7 
7438 
H8,H9,HIO 
14 
7 


1488 
H3 
7 
14 
1 


1489 
H4 
14 
7 


96LS02 
07 
16 
8 
96LS02 
G6 
16 
8 


LM358 
H5 
8 
4 
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Disk 
interface 
software 
is a major 
contributor 
to the efficient 
and 
reliable 
operation 
of a floppy 
disk 
subsystem. 
This 
software 
must 
be 
a well-designed 
compromise 
between 
the needs 
of 
the application 
software 
modules 
and 
the 
capabilities 
of 
the floppy 
disk 
controller 
(FDC). 
In an effort 
to meet 
these 
requirements, 
the 
implementation 
of disk 
interface 
software 
is often 
divided 
into 
several 
levels 
of abstraction. 
The purpose 
of 
this 
application 
note 
is 
to define 
these 
software 
interface 
levels 
and 
describe 
the design 
and 
imple- 
mentation 
of a modular 
'and flexible 
s~ftware 
driver 
for 
the 
8272 
FOC. 
This 
note 
is a companion 
to AP-ll6, 
"An 
Intelligent 
Data 
Base 
System 
Using 
the 
8272." 


The 
software 
interface 
level 
closest 
to the FDC 
hardware 
is referred 
to as 
the 
physical 
interface 
level. 
At 
this 'level, interface 
modules 
(often called 
disk 
drivers 
or disk 
handlers) 
communicate 
directly 
with 
the FDC 
device. 
Disk 
drivers 
accept 
floppy 
disk 
commands 
from 
other 
software 
modules, 
control 
and monitor 
the 
FDC 
execution 
of 
the commands, 
and 
finally 
return 
operational 
status 
information 
(at command 
termination) 
to the requesting 
modules. 


In order 
to perform 
these 
functions, 
the drivers 
must 
support 
the bit/byte 
level 
FDC 
interface 
for 
status 
and data 
transfers. 
In addition, 
the drivers 
must 
field, 
classify, 
and 
service 
a variety 
of FDC 
interrupts. 


System 
and 
application 
software 
modules 
often 
specify 
disk 
operation 
parameters 
that 
are not 
directly 
compatible 
with 
the FDC 
device. 
This 
software 
incompati- 
bility 
is typically 
caused 
by one 
of 
the following: 


1. 
The 
change 
from 
an existing 
FDC 
to a functionally 
equivalent 
design. 
Replacing 
a TTL 
based 
controller 
with 
an LSI 
device 
is 
an example 
of a change 
that may 
result 
in software 
incompati- 
bilities. 


2. 
The 
upgrade 
of an existing 
FDC 
subsystem 
to a higher 
capability 
design. 
An 
expansion 
from 
a single-sided, 
single-density 
sys- 
tem 
to a dual-sided, 
double-density 
system 
to 
increase 
data 
storage 
capacity 
is an example 
of 
such 
a system 
change. 


3. 
The 
abstraction 
of 
the disk 
software 
interface 
to avoid 
redun- 
dancy. 
Many 
FDC 
parameters 
(in particular 
the density, 
gap 
size, 
number 
of 
sectors 
per 
track 
and number 
of bytes 
per 
sector) 
are 
fixed 
for 
a floppy 
disk 
(after 
formatting). 
In 
fact, 
in many 
systems 
these 
parameters 
are 
never 
changed 
during 
the life 
of 
the system. 


4. 
The 
requirement 
to support 
a software 
interface 
that 
is inde- 
pendent 
of 
the 
type 
of disk 
attached 
to the 
system. 
In this 
case, 
a system 
generated 
("logical") 
disk 
address 
(drive, 
head, 
cylinder, 
and 
sector 
numbers) 
must 
be mapped 
into 
a physical 
floppy 
disk 
address. 
For 
example, 
to switch 
between 
single- 
and dual-sided 
disks, 
it may 
be easier 
and more 
cost-effective 
for 
the software 
to treat 
the dual-sided 
disk 
as containing 
twice 
as many 
sectors 
per 
track 
(52) rather 
than 
as having 
two 
sides. 
with 
this 
technique, 
accesses 
to sectors 
1 through 
26 
are mapped 
onto 
head 
0 while 
accesses 
to sectors 
27 through 
52 
are mapped 
onto 
head 
1. 


5. 
The 
necessity 
of 
supporting 
a bad 
track 
map. 
Since 
bad 
tracks 
depend 
on 
the disk media, 
the bad 
track 
mapping 
varies 
from 
disk 
to disk. 
In general, 
the 
system 
and 
application 
software 
should 
not 
be concerned 
with 
calculating 
bad 
track 
parameters. 
Instead, 
these 
software 
modules 
should 
refer 
to cylinders 
logically 
(0 through 
76). 
The 
logical 
interface 
level 
pro- 
cedures 
must 
map 
these 
cylinders 
into 
physical 
cylinder 
posi- 
tions 
in order 
to avoid 
the bad 
tracks. 


The 
key 
to logical 
interface 
software 
design 
is the mapping 
of 
the 
"logical 
disk 
interface" 
(as seen 
by 
the 
application 
software) 
into 
the 
"physical 
disk 
inter- 
face" 
(as implemented 
by the 
floppy 
disk 
drivers). 
This 
logical 
to physical 
mapping 
is tightly 
coupled 
to system 
software 
design 
and 
the mapping 
serves 
to 
isolate 
both 
applications 
and 
system 
software 
from 
the peculiarities 
of 
the FDC 
device. 
Typical 
logical 
interface 
procedures 
are 
described 
in Table 
1. 


The 
file 
system 
typically 
comprises 
the highest 
level 
of disk 
interface 
software 
used 
by application 
programs. 
The 
file 
system 
is designed 
to treat 
the disk 
as 
a collection 
of named 
data 
areas 
(known 
as files). 
These 
files 
are 
cataloged 
in 
the disk 
directory. 
File 
system 
interface 
software 
permits 
the creation 
of new 
files 
and 
the deletion 
of existing 
files 
under 
software 
control. 
When 
a file 
is 
created, 
its name 
and disk 
address 
are entered 
into 
the directory, 
when 
a file 
is 
deleted, 
its name 
is removed 
from 
the directory. 
Application 
software 
requests 
the use 
of a file 
by executing 
an OPEN 
function. 
Once 
opened, 
a file 
is 
normally 
reserved 
for 
use 
by the 
requesting 
program 
or 
task 
and 
the file 
cannot 
be 
reopened 
by other 
tasks. 
When 
a task 
no longer 
needs 
to use 
an open 
file, 
the 
task 
closes 
the file, 
releasing 
it for use 
by other 
tasks. 


Most 
file 
systems 
also 
support 
a set of 
file 
attributes 
that 
can 
be 
specified 
for each 
file. 
File 
attributes 
may 
be 
used 
to protect 
files 
(e.g., 
the WRITE 
PROTECT 
attribute 
ensures 
that 
an existing 
file 
cannot 
accidentally 
be over- 
written) 
and 
to supply 
system 
configuration 
information 
(e.g., 
a FORMAT 
attri- 
bute 
may 
specify 
that 
a file 
should 
automatically 
be created 
on 
a new 
disk 
when 
the disk 
is formatted). 


At 
the file 
system 
interface 
level, 
application 
programs 
need 
not 
be explicitly 
aware 
of disk 
storage 
allocation 
techniques, 
block 
sizes, 
or 
file 
coding 
strate- 
gies. 
Only 
a "file 
name" 
must 
be presented 
in order 
to open, 
read 
or write, 
and 
subsequently 
close 
a file. 
Typical 
file 
system 
functions 
are listed 
in 
Table 
2. 


Controls 
physical 
disk 
formatting 
for 
all 
tracks 
on 
a disk. 
Formatting 
adds 
FDC 
recognized 
cylinder, 
head, 
and 
sector 
addresses 
as well 
as 
address 
marks 
and 
data 
synchronization 
fields 
(gaps) 
to the 
floppy 
disk 
media. 


Moves 
the 
disk 
read/write 
head 
to 
track 
0 
(at the 
outside 
edge 
of 
the disk). 


Moves 
the disk 
read/write 
head 
to a specified 
logical 
cylinder. 
The 
logical 
and 
physical 
cylinder 
numbers 
may 
be 
different 
if bad 
track 
mapping 
is used. 


Indicates 
the 
status 
of 
the 
floppy 
disk 
drive 
and media. 
One 
important 
use 
of 
this 
procedure 
is to determine 
whether 
a 
floppy 
disk 
is dual-sided. 


Reads 
one 
or more 
complete 
sectors 
starting 
at 
a specified 
.. 


disk 
address 
(drive, 
head, 
cylinder, 
and 
sector). 


Writes 
one 
or more 
complete 
sectors 
starting 
at 
a specified 
disk 
address 
(drive, 
head, 
cylinder, 
and 
sector). 


Prepare a file for processing. 
If the file is to be opened 
for 


input and the file name is not found in the directory, 
an error 


is generated. 
If the file is opened for output and the file name 
is not found in the directory, 
the file is automatically 
created. 


Transfer 
data from an open file to memory. 
The READ function 
is 


often designed 
to buffer one or more sectors of data from the disk 


drive and supply this data to the requesting program, 
as required. 


Transfer data from memory 
to an open file. 
The WRITE 
function 
is 


often designed 
to buffer data from the application 
program 
until 


enough data is available 
to fill a disk sector. 


Initialize 
a file and enter its name and attributes 
into the 


file directory. 


Initialize a disk by formatting 
the media and establishing 
the 


directory 
file, the bit map file, and other system files. 


This 
application 
note 
directly 
addresses 
the 
logical 
and 
physical 
interface 
levels. 
A complete 
8272 
driver 
(including 
interrupt 
service 
software) 
is 
listed 
in Appendix 
A. 
In addition, 
examples 
of 
recalibrate, 
seek, 
format, 
read, 
and 
write 
logical 
interface 
level 
procedures 
are 
included 
as part 
of 
the 
exerciser 
program 
found 
in Appendix 
B. 
Wherever 
possible, 
specific 
hardware 
configuration 
dependencies 
are 
parametized 
to provide 
maximum 
flexi- 
bility 
without 
requiring 
major 
software 
changes. 


One 
of 
the most 
important 
software 
aspects 
of disk 
interfacing 
is the 
fixed 
sector 
size. 
(Sector 
sizes 
are 
fixed 
when 
the disk 
is formatted.) 
Individual 
bytes 
of 
disk 
storage 
cannot 
be 
read/written; 
instead, 
complete 
sectors 
must 
be 
trans- 
ferred 
between 
the floppy 
disk 
and 
system 
memory. 


Selection 
of 
the appropriate 
sector 
size 
involves 
a tradeoff 
between 
memory 


size, 
disk 
storage 
efficiency, 
and disk 
transfer 
efficiency. 
Basically, 
the 
following 
factors 
must 
be weighed: 


1. 
Memory 
size. 
The 
larger 
the 
sector 
size, 
the larger 
the memory 


area 
that must 
be 
reserved 
for 
use during 
disk 
I/O 
transfers. 


For 
example, 
a lK byte 
disk 
sector 
size 
requires 
that 
at least 


one 
lK memory 
block 
be 
reserved 
for disk 
I/O. 


2. 
Disk 
Storage 
efficiency. 
Both 
very 
large 
and very 
small 
sectors 
can waste 
disk 
storage 
space 
as follows. 
In disk 
file 
systems, 


space 
must 
be 
allocated 
somewhere 
on 
the disk 
to link 
the 
sectors 
of 
each 
file 
together. 
If most 
files 
are composed 
of many 
small 


sectors, 
a large 
amount 
of 
linkage 
overhead 
information 
is re- 


quired. 
At 
the other 
extreme, 
when 
most 
files 
are 
smaller 
than 
a 
single 
disk 
sector, 
a large 
amount 
of 
space 
is wasted 
at 
the 


end 
of each 
sector. 


3. 
Disk 
transfer 
efficiency. 
A file 
composed 
of a few 
large 
sectors 
can 
be transferred 
to/from 
memory 
more 
efficiently 
(faster 
and 


with 
less 
overhead) 
than 
a file 
composed 
of many 
small 
sectors. 


Balancing 
these 
considerations 
requires 
knowledge 
of 
the 
intended 
system 
appli- 
cations. 
Typically, 
for 
general 
purpose 
systems, 
sector 
sizes 
from 
128 bytes 
to lK bytes 
are 
used. 
For 
compatibility 
between 
single-density 
and double- 
density 
recording 
with 
the 8272 
floppy 
disk 
controller, 
256 byte 
sectors 
or 
512 


byte 
sectors 
are most 
useful. 


Three 
distinct 
software 
interface 
techniques 
may 
be 
used 
to 
interface 
system 
mem- 


ory 
to 
the FDC 
device 
during 
sector 
data 
transfers: 


1. 
DMA 
- In a DMA 
implementation, 
the 
software 
is only 
required 
to set up the DMA 
controller 
memory 
address 
and 
transfer 
count, 


and 
to 
initiate 
the data 
transfer. 
The DMA 
controller 
hardware 


handshakes 
with 
the processor/system 
bus 
in order 
to perform 


each 
data 
transfer. 


2. 
Interrupt 
Driven 
- The 
FDC 
generates 
an 
interrupt 
when 
a data 


byte 
is ready 
to be 
transferred 
to memory, 
or when 
a data 
byte 


is needed 
from memory. 
It 
is the 
software's 
responsibility 
to 


perform 
appropriate 
memory 
reads/writes 
in order 
to transfer 


data 
from/to 
the FDC 
upon 
receipt 
of 
the 
interrupt. 


3. 
Polling 
- Software 
responsibilities 
in the polling 
mode 
are 
identical 
to the responsibilities 
in the 
interrupt 
driven 
mode. 


The 
polling 
mode, 
however, 
is used 
when 
interrupt 
service 
over- 


head 
(context 
switching) 
is too large 
to support 
the disk 
data 


rate. 
In this mode, 
the 
software 
determines 
when 
to transfer 
data 
by continually 
polling 
a data 
request 
status 
flag 
in the 
FDC 
status 
register. 


The DMA 
mode 
has 
the 
advantage 
of permitting 
the processor 
to continue 
executing 
instructions 
while 
a disk 
transfer 
is in progress. 
(This capability 
is especially 
useful 
in multiprogramming 
environments 
when 
the operating 
system 
is designed 
to 
permit 
other 
tasks 
to execute 
while 
a program 
is waiting 
for 
I/O.) 
Modes 
2 and 
3 are 
often 
combined 
and described 
as non-DMA 
operating 
modes. 
Non-DMA 
modes 
have 
the 
advantage 
of 
significantly 
lower 
system 
cost, 
but 
are often 
perform- 
ance 
limited 
for 
double-density 
systems 
(where data 
bytes 
must 
be 
transferred 
to/from 
the FDC 
every 
16 microseconds). 


Some 
FDC 
devices 
support 
simultaneous 
disk 
operations 
on more 
than 
one 
disk 
drive. 
Normally 
seek 
and 
recalibrate 
operations 
can 
be overlapped 
in this 
manner. 
Since 
seek 
operations 
on most 
floppy 
drives 
are 
extremely 
slow, 
this 
mode 
of operation 
can often 
be used 
by the 
system 
software 
to reduce 
overall 
disk 
access 
times. 


The 
buffer 
concept 
is an extremely 
important 
element 
in advanced 
disk 
I/O 
strategies. 
A buffer 
is nothing 
more 
than 
a memory 
area 
containing 
the 
same 
amount 
of data 
as a disk 
sector 
contains. 
Generally, 
when 
an application 
pro- 
gram 
requests 
data 
from 
a disk, 
the 
system 
software 
allocates 
a buffer 
(memory 
area) 
and 
transfers 
the data 
from 
the appropriate 
disk 
sector 
into 
the buffer. 
The 
address 
of 
the buffer 
is then 
returned 
to the application 
software. 
In 
the 
same manner, 
after 
the application 
program 
has 
filled 
a buffer 
for output, 
the buffer 
address 
is passed 
to the 
system 
software, 
which 
writes 
data 
from 
the 
buffer 
into 
a disk 
sector. 
In multitasking 
systems, 
multiple 
buffers 
may 
be 
allocated 
from 
a buffer 
pool. 
In these 
systems, 
the disk 
controller 
is often 
requested 
to read 
ahead 
and fill 
additional 
data 
buffers 
while 
the application 
software 
is processing 
a previous 
buffer. 
Using 
this 
technique, 
system 
software 
attempts 
to fill 
buffers 
before 
they 
are 
needed 
by 
the 
application 
programs, 
thereby 
eliminating 
program 
waits 
during 
I/O 
transfers. 
Figure 
1 illustrates 
the 
use 
of multiple 
buffers 
in a ring 
configuration. 


a) The first disk read request by the application software causes the disk subsystem to begin filling 


the first empty buffer. The application software must wait until the buffer is filled before it may 
continue execution. 


BUFFER 
#1 


~ 


BEING 
EMPTIED 


BUFFER 
#4 


EMPTY 


~ 


BUFFER 
#3 
EMPTY 


BUFFER 
#2 / 


BEING 
FILLED 


DATA 
FLOW 
FROM 
DISK 
INTO 
BUFFER 


DISK 
DISK 
DRIVE 
SUBSYSTEM 


b) After the first buffer 
is filled, the disk system continues 
to transfer 
disk data into the next buffer 


while the application 
software 
begins operating 
on the first full buffer. 


BUFFER 
#1 
BEING 
EMPTIED 


c) When all empty buffers have been filled, disk activity is stopped until the application software 
releases one or more·buffers for reuse. 


BUFFER 
#2 
BEING 
EMPTIED 


d) When the application 
software 
releases a buffer 
(for reuse), the disk subsystem 
begins a disk 


sector 
read to refill the buffer. This strategy 
attempts 
to anticipate 
application 
software 
needs by 


maintaining 
a sufficient 
number 
of full data buffers 
in order to minimize 
data transfer 
delays. If 
disk data is already in memory when the application 
software 
requests 
it, no disk transfer 
delays 


are incurred. 


The 
8272 
is a single-chip 
LSI Floppy 
Disk 
Controller 
(FDC) that 
implements 
both 
single- 
and 
double-density 
floppy 
disk 
storage 
subsystems 
(with up 
to four 
dual-sided 
disk 
drives 
per 
FDC). 
The 
8272 
supports 
the IBM 
3740 
single-density 
recording 
format 
(FM) and 
the IBM System 
34 double-density 
recording 
format 
(MFM). 
The 
8272 
accepts 
and 
executes 
high-level 
disk 
commands 
such 
as format 
track, 
seek, 
read 
sector, 
and write 
sector. 
All 
data 
synchronization 
and 
error 


checking 
is automatically 
performed 
by the FDC 
to ensure 
reliable 
data 
storage 
and 
subsequent 
retrieval. 
The 
8272 
interfaces 
to microprocessor 
systems 
with 
or without 
Direct 
Memory 
Access 
(DMA) capabilities 
and 
also 
interfaces 
to a 
large 
number 
of commercially 
available 
floppy 
disk 
drives. 


Specify 
Sense 
Drive 
Status 
Sense 
Interrupt 
Status 
Seek 
Recalibrate 
Format 
Track 
Read 
Data 
Read 
Deleted 
Data 


Write 
Data 
Write 
Deleted 
Data 
Read 
Track 
Read 
ID 
Scan 
Equal 
Scan 
High 
or Equal 
Scan 
Low 
or Equal 


Each 
command 
is initiated 
by a multi-byte 
transfer 
from 
the driver 
software 


to the FDC 
(the transferred 
bytes 
contain 
command 
and parameter 
information). 


After 
complete 
command 
specification, 
the FDC 
automatically 
executes 
the 
command. 
The 
command 
result 
data 
(after 
execution 
of 
the command) 
may 
require 
a 
multi-byte 
transfer 
of 
status 
information 
back 
to the driver. 
It 
is con- 


venient 
to consider 
each 
FDC 
command 
as consisting 
of 
the following 
three 
phases: 


Command 
Phase: 
The 
driver 
transfers 
to the FDC 
all 
the 
information 


required 
to perform 
a particular 
disk 
operation. 
The 
8272 
automatically 
enters 
the command 
phase 
after 
RESET 
and following 
the completion 
of 
the 
result 
phase 
(if any) 
of 
a previous 
command. 


Execution 
Phase: 
The 
FDC 
performs 
the operation 
as 
instructed. 
The 
execution 
phase 
is entered 
immediately 
after 
the 
last 
command 
parameter 
is written 
to the FDC 
in the 
preceding 
command 
phase. 
The 
execution 
phase 
normally 
ends 
when 
the last 
data 
byte 
is transferred 
to/from 
the disk 
or when 
an error 
occurs. 


Result 
Phase: 
After 
completion 
of 
the disk 
operation, 
status 
and 
other 
housekeeping 
information 
are made 
avail- 
able 
to the driver 
software. 
After 
this 
information 
is 


read, 
the FDC 
reenters 
the command 
phase 
and 
is ready 


to accept 
another 
command. 


To 
support 
information 
transfer 
between 
the FDC 
and 
the system 
software, 
the 
8272 
contains 
two 
8-bit 
registers: 
the Main 
status 
Register 
and 
the uata 
Register. 
The Main 
Status 
Register 
(read only) 
contains 
FDC 
status 
information 
and may 
be accessed 
at any 
time. 
The Main 
Status 
Register 
(Table 
3) provides 
the 
system 
processor 
with 
the 
status 
of each 
disk 
drive, 
the status 
of 
the 
FDC, 
and 
the 
status 
of 
the processor 
interface. 
The Data 
Register 
(read/write) 
stores 
data, 
commands, 
parameters, 
and disk 
drive 
status 
information. 
The Data 
Register 
is used 
to program 
the FDC 
during 
the command 
phase 
and 
to obtain 
result 
information 
after 
completion 
of FDC 
operations. 


In addition 
to the Main 
Status 
Register, 
the FDC 
contains 
four 
additional 
status 
registers 
(STO, ST1, 
ST2, 
and 
ST3). 
These 
registers 
are only 
available 
during 
the 
result 
phase 
of a command. 


Table 
4 lists 
the 8272 
command 
set. 
For 
each 
of 
the fifteen 
commands, 
command 
and 
result 
phase 
data 
transfers 
are listed. 
A list 
of abbreviations 
used 
in 
the 
table 
is given 
in Table 
5, and 
the contents 
of 
the 
result 
status 
registers 
(STO-ST3) 
are 
illustrated 
in Table 
6. 


The 
bytes 
of data 
which 
are 
sent 
to the 
8272 
by 
the drivers 
during 
the command 
phase, 
and 
are 
read 
out 
of 
the 8272 
in the 
result 
phase, 
must 
occur 
in the order 


shown 
in Table 
4. 
That 
is, the command 
code 
must 
be 
sent 
first 
and 
the other 
bytes 
sent 
in the prescribed 
sequence. 
All 
bytes 
of 
the command 
and 
result 
phases 
must 
be 
read/written 
as described. 
After 
the last 
byte 
of data 
in the 
command 
phase 
is sent 
to the 
8272 
the execution 
phase 
automatically 
starts. 
In 
a similar 
fashion, 
when 
the last 
byte 
of data 
is read 
from 
the 
8272 
in the 
result 
phase, 
the result 
phase 
is automatically 
ended 
and 
the 8272 
reenters 
the 
command 
phase. 


It 
is important 
to note 
that 
during 
the 
result 
phase 
all 
bytes 
shown 
in Table 
4 
must 
be 
read. 
The 
Read 
Data 
command, 
for 
example, 
has 
seven 
bytes 
of data 
in the 
result 
phase. 
All 
seven 
bytes 
must 
be 
read 
in order 
to successfully 
complete 
the Read 
Data 
command. 
The 
8272 
will 
not 
accept 
a new command 
until 
all 
seven 
bytes 
have 
been 
read. 
The 
number 
of command 
and 
result 
bytes 
varies 
from 
command-to-command. 


In order 
to read 
data 
from, 
or write 
data 
to, 
the Data 
Register 
during 
the 
command 
and 
result 
phases, 
the software 
driver 
must 
examine 
the Main 
Status 
Register 
to determine 
if the Data 
Register 
is available. 
The DIo 
(bit 6) and 
RQM 
(bit 7) flags 
in the Main 
Status 
Register 
must 
be low 
and high, 
respective- 
ly, 
before 
each 
byte 
of 
the command 
word 
may 
be written 
into 
the 
8272. 
Many 
of 
the commands 
require 
mUltiple 
bytes, 
and 
as a result, 
the Main 
Status 
Register 
must 
be 
read 
prior 
to each 
byte 
transfer 
to the 8272. 
To 
read 
status 
bytes 
during 
the 
result 
phase, 
DIo 
and RQM 
in the Main 
Status 
Register 
must 
both 
be 
high. 
Note, 
checking 
the Main 
Status 
Register 
in this manner 
before 
each 
byte 
transfer 
to/from 
the 8272 
is required 
only 
in the command 
and 
result 
phases, 
and 
is NOT 
required 
during 
the execution 
phase. 


BIT 


NUMBER 


0 


1 


2 


3 


4 
, 


5 


DaB 
Disk 
Drive 
0 BUSy. 
Disk 
Drive 
0 is seeking. 


D1B 
Disk 
Drive 
1 Busy. 
Disk 
Drive 
1 is seeking. 


D2B 
Disk 
Drive 
2 Busy. 
Disk 
Drive 
2 is seeking. 


D3B 
Disk 
Drive 
3 Busy. 
Disk 
Drive 
3 is seeking. 


CB 
FDC Busy. 
A read 
or write 
command 
is in progress. 


NDM 
Non-DMA 
Mode. 
The FDC 
is in the non-DMA 
mode 
when 
this 
flag 
is 


set 
(1)• 
This 
flag 
is set only 
during 
the execution 
phase 
of 
commands 
in the non-DMA 
mode. 
Transition 
of 
this 
flag 
to a 
zero 
(0) indicates 
that 
the execution 
phase 
has 
ended. 


Data 
Input/Output. 
Indicates 
the direction 
of a 
between 
the FDC 
and 
the Data 
Register. 
When 
DIO 


is read 
from 
the Data 
Register 
by 
the processor; 
reset 
(0), data 
is written 
from 
the processor 
to 


data 
transfer 


is set 
(1), data 


when 
DIO 
is 


the Data 
Register. 


Request 
for Master. 
When 
set 
(1), this 
flag 
indicates 
that 


the Data 
Register 
is ready 
to send 
data 
to, or 
receive 
data 


from, 
the processor. 


I 
DATA 
BUS 
I 
DATA 
BUS 


PHASE 
RIW I 07 
De 
05 
04 
03 
02 
01 
DO 
REMARKS 
PHASE 
RIW 
07 
De 
05 
04 
03 
02 
0, 
DO 
REMARKS 


READ 
DATA 
READ 
A TRACK 


Command 
W 
MT 
MFM 
SK 
0 
0 
, 
1 
0 
Command 
Codes 
Command 
W 
0 
MFM 
SK 
0 
0 
0 
1 
0 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
OS, 
DSO 
W 
0 
0 
0 
0 
0 
HOS 
OS1 
OSO 


W 
C 
Sector 
10 informatIon 
W 
C 
Sector 
10 informalion 


W 
H 
prior 
to Command 
W 
H 
prior 
to Command 


W 
R 
execution 
W 
R 
execution 


W 
N 
W 
N 


W 
EOT 
W 
EOT 


W 
GPl 
W 
GPl 


W 
DTl 
W 
DTL 


Execution 
Data 
transfer 
Data 
Iransfer 


Execution 
between 
the 
FOD 
between 
the 
FOD 
and 
the 
maln·system. 
and 
the main-system 


FOC 
reads 
the 


Result 
R 
ST 0 
Status 
information 
complete 
track 


R 
ST' 
after 
Command 
contents 
from 
the 
R 
ST 2 
execulion 
physical 
index 


R 
C 
mark 
to EDT 
R 
H 
Sector 
10 information 
R 
R 
after 
command 
Result 
R 
ST 0 
Status 
information 


R 
N 
execution 
R 
ST' 
aller 
Command 


R 
ST 2 
execution 


READ 
DELETED 
DATA 
R 
C 


Command 
W 
MT 
MFM 
SK 
0 
, , 
0 
0 
Command 
Codes 
R 
H _____ 
Sector 
10 information 


R 
R 
after 
Command 
W 
0 
0 
0 
0 
0 
HDS 
DS' 
DSO 
R 
N 
execution 
W 
C 
Sector 
10 informatlon 
W 
H 
prior 
to Command 
READ 
ID 


W 
R 
execution 
Command 
W 
0 
MFM 
0 
0 
1 
0 
1 
0 
Command 
Codes 
W 
N 
W 
EC, 
W 
0 
0 
0 
0 
0 
HOS 
9S' 
OSO 


W 
GPl 
W 
DTl 
Execution 
The 
first 
correct 
10 


ExecutIon 
Data 
transfer 
information 
on the 


between 
the 
FDo 
track 
is stored 
In 


and 
the main-system 
Data 
Register 


Result 
R 
STO 
Status 
information 
Result 
R 
ST 0 
Status 
information 


R 
ST, 
alter 
Command 
R 
ST 1 
after 
Command 


R 
ST 2 
execution 
R 
ST2 
_____ 
execution 


R 
C 
R 
C 


R 
H 
Sector 
10 information 
R 
H 
Sector 
10 information 


R 
R 
after 
Command 
R 
R 
during 
Execution 


R 
N 
execution 
R 
N 
Ptlase 


WRITE 
DATA 
FORMAT 
A TRACK 


Command 
W 
MT 
MFM 
0 
0 
0 
, 
0 
, 
Command 
Codes 
Command 
W 
0 
MFM 
0 
0 
1 
1 
0 , 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 
W 
0 
0 
0 
0 
0 
HDS 
OS1 
OSO 


W 
C 
Sector 
to information 
W 
N 
ByteS/Sector 


W 
H 
prior 
to Command 
W 
SC 
SectorslTrack 
W 
R 
execution 
W 
GPl 
Gap 
3 


W 
N 
W 
D 
Filter 
Byte 


W 
EOT 


W 
GPl 
Execution 
FDC 
formats 
an 


W 
DTl 
entire 
track 


Execution 
oala 
transfer 
Result 
R 
STO 
Status 
information 
between 
the main- 
R 
ST, 
after 
Command 


system 
and 
the 
FoD 
R 
ST 2 
execution 


Result 
R 
STO 
Status 
information 
R 
C 


R 
ST 1 
alter 
Command 
R 
H 
In this 
case, 
the 
10 


R 
ST 2 
execution 
R 
R 
information 
has no 


R 
C 
R 
N 
meaning 


R 
H 
Sector 
10 information 
SCAN 
EaUAl 
R 
R 
after 
Command 


R 
N 
execution 
Command 
W 
MT 
MFM 
SK 
1 
0 
0 
0 
1 
Command 
Codes 


WRITE 
DELETED 
OAT A 
W 
0 
0 
0 
0 
0 
HOS 
OS1 
OSO 


Command 
W 
MT 
MFM 
0 
0 
, 
0 
0 
, 
Command 
Codes 
W 
C 
Sector 
10 information 
W 
H 
prior 
to Command 
W 
0 
0 
0 
0 
0 
HDS 
DS' 
DSO 
W 
R 
execution 
W 
C 
Sector 
10 information 
W 
N 


W 
H 
prior 
to Command 
W 
EOT 
W 
R 
execution 
W 
GPl 


W 
N 
W 
STP 


W 
EOT 
W 
GPl 
Execution 
Data 
compared 
W 
DTl 
between 
the 
FOD 


Execution 
Data 
transfer 
and 
the 
main-system 


between 
the FDD 
Aesult 
R 
STO 
Status 
information 
and 
the main-system 
R 
ST 1 
after 
Command 


Result 
R 
ST 0 
Status 
information 
R 
ST 2 
execution 


R 
ST, 
after 
Command 
R 
C 


R 
ST 2 
execution 
R 
H 
Sector 
10 information 


R 
C 
R 
R 
after 
Command 


R 
H 
Sector 
10 information 
R 
N 
execution 


R 
R 
after 
Command 
R 
N 
execution 


I 
DATA 
BUS 
DATA 
BUS 
I 


PHASE 
PJW 
D7 
D6 
D. 
D, 
D3 
D2 
D, 
DO 
REMARKS 
PHASE 
PJW 
D7 
D6 
D. 
D, 
D3 
D2 
D, 
DO 
REMARKS 


SCAN 
lOW 
OR 
EQUAL 
RECALIBRATE 


Command 
W 
MT 
MFM 
SK 
1 
, 
0 
0 
, 
Command 
Codes 
Command 
W 
0 
0 
0 
0 
0 
, , , 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 
W 
0 
0 
0 
0 
0 
0 
OS, 
OSO 


W 
C 
Sector 
10 information 
Execution 
Head 
retracted 
to 
W 
H 
prior 
Command 
Track 
0 
W 
R 
execution 
W 
N 
SENSE 
INTERRUPT 
STATUS 


W 
EDT 
- 
Command 
W 
0 
0 
0 
0 
, 
0 
0 
0 
Command 
Codes 
W 
GPl 


W 
STP 
Result 
R 
ST 0 
Status 
Information 
at 


R 
C 
the end 
of each 
seek 
Execution 
Data 
compared 
operation 
about 
the 
between 
the 
FDD 
FOC 
and the 
main-system 
SPECIFY 


Aesull 
R 
ST 0 
Status 
information 
Command 
W 
0 
0 
0 
0 
0 
0 
, , 
Command 
Codes 
R 
ST 1 
alter 
Command 
W 
_ 
SPT ___ 
• ___ 
HUT 
R 
ST 2 
execution 
- 
Timer 
Settings 


R 
C 
W 
Hl T 
• 
NO 


R 
H 
Sector 
10 information 
SENSE 
DRIVE 
$T ATUS 


R 
R 
alter 
Command 


R 
N 
execution 
Command 
W 
0 
0 
0 
0 
0 
, 
0 
0 
Command 
Codes 


SCAN 
HIGH 
OR EOUAL 
W 
0 
0 
0 
0 
0 
HOS 
OS, 
OSO 
Result 
R 
ST 3 
Status 
information 
Command 
W 
MT 
MFM 
SK 
1 
1 
, 
0 
1 
Command 
Codes 
about 
the 
FDD 
W 
0 
0 
0 
0 
0 
HOS 
DS1 
DSQ 
SeEK 
W 
C 
Seclor 
ID Information 
W 
H 
pnar 
Command 
Command 
W 
0 
0 
0 
0 
1 
, 
, 
1 
Command 
Codes 
W 
R 
execution 
W 
0 
0 
0 
0 
0 
HDS 
OS, 
OSO 
W 
N 
W 
C 
W 
EDT 
W 
GPl 


Execution 
W 
STP 
Head 
IS posItIoned 
over 
proper 
Cylinder 


Execution 
Data compared 
on DIskette 


between 
the 
FDD 
INVALID 
and the main-system 
Command 
W 
____ 
Invalid 
Codes 
____ 
Invalid 
Command 
Result 
R 
ST 0 
Status 
mformation 
Codes 
(NoOp 
- 
FOC 
R 
ST, 
after 
Command 
goes 
mto 
Standby 


R 
ST 2 
el{ecution 
State) 


R 
C 
Result 
R 
ST 0 
ST 0= 
BO 
R 
H 
Sector 
10 Information 
1'6) 
R 
R 
after 
Command 
R 
N 
execution 


Cylinder 
Address. 
The 
currently 
selected 
cylinder 
address 
(0 to 76) on 


the disk. 


Data 
Pattern. 
The pattern 
to be written 
in each 
sector 
data 
field 
during 
formatting. 


DSI 
DSO 
0 
0 
Drive 
0 
0 
1 
Drive 1 
1 
0 
Drive 
2 
1 
1 
Drive 
3 


Special 
Sector 
Size. 
During 
the execution 
of disk 
read/write 
commands, 
this parameter 
is used 
to temporarily 
alter 
the effective 
disk 
sector 
size. 
By 
setting 
N 
to zero, 
DTL 
may 
be used 
to specify 
a sector 
size 
from 
1 to 256 bytes 
in length. 
If the actual 
sector 
(on the disk) 
is larger 
than DTL 
specifies, 
the 
remainder 
of the actual 
sector 
is not 
passed 
to the 
system 
during 
read 
commands; 
during 
write 
commands, 
the 
remainder 
of the actual 
sector 
is written 
with 
all-zeroes 
bytes. 
DTL 
should 
be set 
to FF hexadecimal 
when 
N 
is not 
zero. 


H 
Head 
Address. 
Selected 
head: 
0 or 
1 
(disk side 
0 or 
1, respectively) 


as encoded 
in the 
sector 
ID field. 


HLT 
Head 
Load 
Time. 
Defines 
the 
time 
interval 
that 
the FDC 
waits 
after 
loading 
the head 
before 
initiating 
a read 
or write 
operation. 
program- 


mable 
from 
2 to 254 milliseconds 
(in increments 
of 2 ms). 


HUT 
Head 
Unload 
Time. 
Defines 
the time 
interval 
from 
the end 
of 
the exe- 
cution 
phase 
(of a read 
or write 
command) 
until 
the head 
is unloaded. 
programmable 
from 
16 to 240 milliseconds 
(in increments 
of 
16 ms) • 


MFM 
MFM/FM 
Mode 
Selector. 
Selects 
MFM 
double-density 
recording 
mode 
when 
high, 
FM 
single-density 
mode 
when 
low. 


MT 
Multi-Track 
Selector. 
When 
set, 
this 
flag 
selects 
the multi-track 
operating 
mode. 
In this mode 
(used only 
with 
dual-sided 
disks) , 
the FDC 
treats 
a complete 
cylinder 
(under both 
read/write 
head 
0 and 
read/write 
head 
1) as a single 
track. 
The FDC 
operates 
as 
if this 
expanded 
track 
started 
at the first 
sector 
under 
head 
0 and 
ended 
at the 


last 
sector 
under 
head 
1. 
With 
this 
flag 
set 
(high), 
a multi-sector 


read 
operation 
will 
automatically 
continue 
to the 
first 
sector 
under 
head 
1 when 
the FDC 
finishes 
operating 
on 
the last 
sector 
under 
head 
O. 


NO 
Non-DMA Mode Flag. 
When set 
(1), this flag indicates that the FDC 
is to operate in the non-DMA mode. 
In this mode, the processor 
participates in each data transfer 
(by means of an interrupt or by 
polling the RQM flag in the Main status Register). 
When reset 
(0), 
the FDC interfaces to a DMA controller. 


R 
Sector Address. 
Specifies the sector number to be read,or written. 
In 
multi-sector 
transfers, this parameter specifies the sector number of 
the first sector to be read or written. 


SC 
Number 'of Sectors per Track. 
Specifies the number of sectors per track 


to be initialized by the Format Track command. 


SK 
Skip Flag. 
When this flag is set, sectors containing deleted data 
address marks will automatically be skipped during the execution of 
multi-sector Read Data ,or Scan commands. 
In the same manner, a sector 


containing a data address mark will automatically be skipped during 
the execution of a multi-sector Read Deleted Data command. 


SRT 
Step Rate Interval. 
Defines the time interval between step pulses 
issued by the FDC 
(track-to-track access time). 
programmable from 
1 to 16 milliseconds 
(in increments of 1 ms). 


STO 
Status Register 0-3. 
Registers within the FDC that store status infor- 
STI 
mation after a command has been executed. 
This status information is 
ST2 
available to the processor during the Result Phase after command exe- 
ST3 
cution. 
These registers may only be read after a command has been 
executed 
(in the exact order sho~n in Table 4 for each command) • 
These registers should not be confused with the Main Status Register. 


STP 
Scan Sector Increment. 
During Scan operations, this parameter is 
added to the current sector number in order to determine the next 
sector to be scanned. 


BIT 


NUMBER 


00 - Normal 
termination 
of command. 
The 
specified 
command 
was 


properly 
executed 
and 
completed 
without 
error. 


01 - Abnormal 
termination 
of command. 
Command 
execution 
was 


started 
but 
could 
not 
be 
successfully 
completed. 


11 - Abnormal 
termination. 
During 
command 
execution, 
the 
disk 


drive 
ready 
signal 
changed 
state. 


Seek 
End. 
This 
flag 
is set 
(1) when 
the FDC 
has 
completed 
the 


Seek 
command 
and 
the 
read/write 
head 
is positioned 
over 
the 


correct 
cylinder. 


Equipment 
Check 
Error. 
This 
flag 
is set 
(1) if a fault 
signal 


is received 
from 
the disk 
drive 
or 
if the 
track 
0 signal 
is 


not 
received 
from 
the disk 
drive 
after 
77 step 
pulses 


(Recalibrate 
command). 


Not 
Ready 
Error. 
This 
flag 
is set 
if a read 
or write 
command 
is 


issued 
and 
either 
the drive 
is not 
ready 
or 
the ,command specifies 


side 
1 
(head 
1) of 
a single-sided 
disk. 


1,0 
DS1,DSO 
Drive 
Select. 
The 
number 
of 
the drive 
selected 
at 
the 
time 
of 


the 
interrupt. 


BIT 


NUMBER 


End 
of Track 
Error. 
This 
flag 
is set 
if the FDC 
attempts 
to 


access 
a sector 
beyond 
the final 
sector 
of 
the 
track. 


Data 
Error. 
Set 
when 
the FDC 
detects 
a CRC 
error 
in either 
the 


the 
ID field 
or 
the data 
field 
of a sector. 


Overrun 
Error. 
Set 
(during 
data 
transfers) 
if the FDC 
does 
not 


receive 
DMA 
or processor 
service 
within 
the 
specified 
time 
interval. 


sector Not.Found Error. 
This flag is set by any of the follow- 
ing conditions. 


a) The FDC cannot locate the sector specified in the Read 
Data, Read Deleted Data, or Scan command. 
b) The FDC cannot locate the starting sector specified in 
the Read Track command. 
c) The FDC cannot read the 10 field without error during 
a Read 10 command. 


Write Protect Error. 
This flag is set if the FDC detects a 
write protect signal from the disk drive during the execution 
of a Write Data, Write Deleted Data, or Format Track command. 


Missing Address Mark Error. 
This flag is set by either of the 
following conditions: 


a) The FDC cannot detect the 10 address mark on the specified 
track 
(after two rotations of the disk). 
b) The FDC cannot detect the data address mark or deleted data 
address mark on the specified track. 
(See also the MD bit 
of Status Register 2.) 


BIT 
NUMBER 


Control Mark. 
This flag is set when the FDC encounters one of 
the following conditions: 


a) A deleted data address mark during the execution of a Read 
Data or Scan command. 
b) A data address mark during the execution of a Read Deleted 
Data command. 


Data Error. 
Set (1) when the FDC detects a CRC error in a 
sector data field. 
This flag is not set when a CRC error is 
detected in the 10 field. 


Cylinder Address Error. 
Set when the cylinder address from the 
disk sector 10 field is different from the current cylinder 
address maintained within the FDC. 


Scan Hit. 
Set during the execution of the Scan command 
if the scan condition is satisfied. 


Scan Not Satisfied. 
Set during execution of the Scan command 
if the FDC cannot locate a sector on the specified cylinder 
that satisfies the scan condition. 


Bad 
Track 
Error. 
Set when 
the cylinder 
address 
from 
the disk 


sector 
ID field 
is FF 
hexadecimal 
and 
this 
cylinder 
address 
is 


different 
from 
the current 
cylinder 
address 
maintained 
within 


the FDC. 
This 
all 
"ones" 
cylinder 
number 
indicates 
a bad 
track 


(one containing 
hard 
errors) 
according 
to the 
IBM 
soft-sectored 


format 
specifications. 


Missing 
Data 
Address 
Mark 
Error. 
Set 
if the FDC 
cannot 
detect 


a data 
address 
mark 
or deleted 
data 
address 
mark 
on 
the 
speci- 


fied 
track. 


BIT 
NUMBER 


7 


, 
, 


6 


5 


I 


4 


3 


2 


1,0 


Fault. 
This 
flag 
indicates 
the 
status 
of 
the fault 
signal 
from 


the 
selected 
disk 
drive. 


Write 
Protected. 
This 
flag 
indicates 
the 
status 
of 
the write 


protect 
signal 
from 
the selected 
disk 
drive. 


Ready. 
This 
flag 
indicates 
the status 
of 
the 
ready 
signal 
from 


the selected 
disk 
drive. 


Track 
O. 
This 
flag 
indicates 
the status 
of 
the 
track 
0 signal 


from 
the selected 
disk 
drive. 


Two-Sided. 
This 
flag 
indicates 
the status 
of 
the 
two-sided 


signal 
from 
the selected 
disk 
drive. 


Head 
Address. 
This 
flag 
indicates 
the 
status 
of 
the side 
select 


signal 
for 
the currently 
selected 
disk 
drive. 


DS1,DSO 
Drive 
Select. 
Indicates 
the currently 
selected 
disk 
drive 


number. 


All 
data 
transfers 
to 
(or from) 
the floppy 
drive 
occur 
during 
the execution 
phase. 
The 
8272 
has 
two primary 
modes 
of operation 
for data 
transfers 


(selected 
by 
the 
specify 
command): 


1) DMA 
mode 
2) non-DMA 
mode 


In the DMA 
mode, 
execution 
phase 
data 
transfers 
are handled 
by 
the DMA 
con- 


troller 
hardware 
(invisible 
to the driver 
software). 
The 
driver 
software, 
however, 
must 
set 
all 
appropriate 
DMA 
controller 
registers 
prior 
to the beginning 
of 
the 


disk 
operation. 
An 
interrupt 
is generated 
by the 
8272 
after 
the last 
data 


transfer, 
indicating 
the completion 
of 
the execution 
phase, 
and 
the beginning 
of 


the 
result 
phase. 


In the 
non-DMA 
mode, 
transfer 
requests 
are 
indicated 
by generation 
of 
an 
interrupt 
and 
by activation 
of 
the RQM 
flag 
(bit 7 in the Main 
status 
Register). 
The 
interrupt 
signal 
can 
be 
used 
for 
interrupt-driven 
systems 
and RQM 
can 
be used 
for 
polled 
systems. 
The 
driver 
software 
must 
respond 
to the 
transfer 
request 
by 
reading 
data 
from, 
or writing 
data 
to, 
the FOC. 
After 
completing 
the 
last 


transfer, 
the 
8272 
generates 
an 
interrupt 
to indicate 
the beginning 
of 
the 
result 
phase. 
In the non-DMA 
mode, 
the processor 
must 
activate 
the 
"terminal 
count" 
(TC) signal 
to the FDC 
(normally 
by means 
of 
an I/O port) 
after 
the 
transfer 
request 
for 
the last 
data 
byte 
has 
been 
received 
(by the driver) 
and 
before 
the appropriate 
data 
byte 
has 
been 
read 
from 
(or written 
to) 
the FDC. 


In either 
mode 
of operation 
(DMA or non-DMA), 
the 
execution 
phase 
ends 
when 
a 
"terminal 
count" 
signal 
is sensed 
by 
the FDC, 
when 
the last 
sector 
on 
a track 
(the EOT 
parameter 
- Table 
4) has 
been 
read 
or written, 
or when 
an error 


occurs. 


During 
disk 
read/write 
transfers 
(Read Data, 
Write 
Data, 
Read 
Deleted 
Data, 
and Write 
Deleted 
Data), 
the FOC will 
continue 
to transfer 
data 
from 
sequential 


sect0rs 
until 
the TC 
input 
is sensed. 
In the DMA 
mode, 
the TC 
input 
is normally 
set by 
the DMA 
controller. 
In the non-DMA 
mode, 
the processor 
directly 
controls 
the FDC 
TC 
input 
as previously 
described. 
Once 
the TC 
input 
is received, 
the FDC 
stops 
requesting 
data 
transfers 
(from the 
system 
software 
or DMA 
controller). 
The 
FOC, 
however, 
continues 
to read 
data 
from, 
or write 
data 
to, 
the floppy 
disk 
until 
the end 
of 
the current 
disk 
sector. 
During 
a disk 
read 
operation, 
the data 
read 
from 
the disk 
(after 
reception 
of 
the TC 
input) 
is discarded, 
but 
the data 


CRC 
is checked 
for 
errors; 
during 
a disk 
write 
operation, 
the 
remainder 
of 
the 
sector 
is filled 
with 
all-zero 
bytes. 


If 
the TC 
signal 
is not 
received 
before 
the last 
byte 
of 
the current 
sector 
has 


been 
transferred 
to/from 
the system, 
the FDC 
increments 
the 
sector 
number 
by one 


and 
initiates 
a read 
or write 
command 
for 
this 
new disk 
sector. 


The 
FDC 
is also 
designed 
to operate 
in a multi-track 
mode 
for 
dual-sided 
disks. 
In 
the multi-track 
mode 
(specified 
by means 
of 
the MT 
flag 
in the 
command 
byte 
- Table 
4) 
the 
Foe 
will 
automatically 
increment 
the 
head 
address 
(from 
0 to 
1) when 
the 
last 
sector 
(on the 
track 
under 
head 
0) has 
been 
read 
or 
written. 
Reading 
or writing 
is then 
continued 
on 
the 
first 
sector 
(sector 
1) 
of 
head 
1. 


After 
the 
power-on 
reset, 
the 
8272 
automatically 
enters 
a drive 
status 
polling 
mode. 
If a change 
in drive 
status 
is detected 
(all drives 
are 
assumed 
to be 
"not 
ready" 
at power-on), 
an 
interrupt 
is generated. 
The 
8272 
continues 
this 
status 
polling 
between 
command 
executions 
(and between 
step 
pulses 
in the 
Seek 
command). 
In 
this 
manner, 
the 
8272 
automatically 
notifies 
the 
system 
software 
whenever 
a floppy 
disk 
is 
inserted, 
removed, 
or 
changed 
by 
the 
operator. 


During 
the 
command 
phase, 
the Main 
Status 
Register 
must 
be polled 
by 
the 
driver 
software 
before 
each 
byte 
is written 
into 
the 
Data 
Register. 
The 010 
(bit 6) and 
RQM 
(bit 7) 
flags 
in the Main 
Status 
Register 
must 
be 
low 
and 
high, 
respectively, 
before 
each 
byte 
of 
the 
command 
may 
be written 
into 
the 
8272. 
The 
beginning 
of 
the 
execution 
phase 
for 
any 
of 
these 
commands 
will 
cause 
010 to be 
set 
high 
and 
RQM 
to be 
set 
low. 


Operation 
of 
the 
FDC 
commands 
is described 
in detail 
in Application 
Note 
AP-116, 
"An 
Intelligent 
Data 
Base 
System 
Using 
the 
8272." 


If 
an 
invalid 
(undefined) 
command 
is sent 
to 
the 
FDC, 
the 
Foe 
will 
terminate 
the 
command. 
No 
interrupt 
is generated 
by 
the 
8272 
during 
this 
condition. 
Bit 
6 and 
bit 
7 
(010 and 
RQM) 
in 
the Main 
Status 
Register 
are 
both 
set 
indi- 
cating 
to 
the 
processor 
that 
the 
8272 
is 
in 
the 
result 
phase 
and 
the 
contents 
of 
Status 
Register 
0 must 
be 
read. 
When 
the 
processor 
reads 
Status 
Register 
o 
it will 
find 
an 
80H 
code 
indicating 
that 
an 
invalid 
command 
was 
received. 
The 
driver 
software 
in Appendix 
B checks 
each 
requested 
command 
and 
will 
not 
issue 
an 
invalid 
command 
to 
the 
8272. 


A 
Sense 
Interrupt 
Status 
command 
must 
be 
sent 
after 
a Seek 
or Recalibrate 
interrupt: 
otherwise 
the 
Foe 
will 
consider 
the 
next 
command 
to be 
an 
invalid 
command. 
Also, 
when 
the 
last 
"hidden" 
interrupt 
has 
been 
serviced, 
further 
Sense 
Interrupt 
Status 
commands 
will 
result 
in 
invalid 
command 
codes. 


PL/M 
software 
driver 
listings 
for 
the 
8272 
FDC 
are 
contained 
in Appendix 
A. 


These 
drivers 
have 
been 
designed 
to operate 
in a DMA 
environment 
(as described 


in Application 
Note 
AP-116, 
"An 
Intelligent 
Data 
Base 
System 
Using 
the 
8272"). 
In 
the 
following 
paragraphs, 
each 
driver 
procedure 
is described. 
(A description 


of 
the driver 
data 
base 
variables 
is given 
in Table 
7.) 
In addition, 
the modi- 


fications 
necessary 
to reconfigure 
the drivers 
for 
operation 
in a polled 
envir- 


onment 
are 
discussed. 


This 
initialization 
procedure 
must 
be 
called 
before 
any FDC 
operations 
are 


attempted. 
This 
module 
initializes 
the DRIVE$READY, 
DRIVE$STATUS$CHANGE, 


OPERATION$IN$PROGRESS, 
and OPERATION$COMPLETE 
arrays 
as well 
as 
the 


GLOBAL$DRIVE$NO 
variable. 


This 
procedure 
contains 
the main 
8272 
driver 
control 
software 
and 
handles 
the 
execution 
of a complete 
FDC 
command. 
EXECUTE$DOCB 
is called 
with 
two parame- 
ters: 
a) a pointer 
to a disk 
operation 
control 
block 
and 
b) a pointer 
to a 
result 
status 
byte. 
The 
format 
of 
the disk 
operation 
control 
block 
is illus- 
trated 
in Figure 
2 and 
the 
result 
status 
codes 
are described 
in Table 
8. 


Before 
starting 
the 
command 
phase 
for 
the 
specified 
disk 
operation, 
the 
command 


is checked 
for 
validity 
and 
to determine 
whether 
the FDC 
is busy. 
(For an over- 


lapped 
operation, 
if the FDC 
BUSY 
flag 
is set - 
in the Main 
Status 
Register 
- 
the 
command 
cannot 
be 
startedl 
non-overlapped 
operations 
cannot 
be 
started 
if 
the FDC 
BUSY 
flag 
is set, 
if any 
drive 
is in the process 
of 
seeking/recalibrating, 
or 
if an operation 
is currently 
in progress 
on 
the 
specified 
drive.) 


After 
these 
checks 
are made, 
interrupts 
are 
disabled 
in order 
to set 
the 


OPERATION$IN$PROGRESS 
flag, 
reset 
the OPERATION$COMPLETE 
flag, 
load 
a pointer 
to the 
current 
operation 
control 
block 
into 
the OPERATION$DOCB$PTR 
array 
and 
set GLOBAL$DRIVE$NO 
(if a non-overlapped 
operation 
is to be 
started). 


At 
this 
point, 
parameters 
from 
the 
operation 
control 
block 
are 
output 
to the 
DMA 
controller 
and 
the FDC 
command 
phase 
is initiated. 
After 
completion 
of 
the 


command 
phase, 
a test 
is made 
to determine 
the 
type 
of 
result 
phase 
required 
for 
the 
current 
operation. 
If no 
result 
phase 
is needed, 
control 
is immediate- 


ly returned 
to the calling 
program. 
If an 
immediate 
result 
phase 
is required, 
the 
result 
bytes 
are 
input 
from 
the FDC. 
Otherwise, 
the CPU 
waits 
until 
the 
OPERATION$COMPLETE 
flag 
is set 
(by the 
interrupt 
service 
procedure) 
• 


Finally, 
if an 
error 
is detected 
in the 
result 
status 
code 
(from 
the FDC), 
an 
FDC 
operation 
error 
is reported 
to the calling 
program. 


ORlVE$READY 
A public array containing the current "ready" 
status of each drive. 


ORlVE$STATUS$CHANGE 
A public array containing a flag for each 
drive. 
The appropriate flag is set when- 


ever the ready status of a drive changes. 


OPERATION$DOCB$PTR 
An internal array of pointers to the 
operation control block currently in 
progress for each drive. 


OPERATION$IN$PROGRESS 
An internal array used by the driver pro- 
cedures to determine if a disk operation 
is in progress on a given drive. 


OPERATION$COMPLETE 
An internal array used by the driver pro- 
cedures to determine when the execution 
phase of a disk operation is complete. 


GLOBAL$ORlVE$NO 
A data byte that records the current drive 
number for non-overlapped disk operations. 


VALIO$COMMANO 
A constant flag array that indicates 
whether a specified FOC command code is 
valid. 


COMMANO$LENGTH 
A constant byte array specifying the number 
of command/parameter bytes to be trans- 
ferred to the FOC during the command phase. 


ORIVE$NO$PRESENT 
A constant flag array that indicates whether 
a drive numbeL is encoded into an FDC command. 


OVERLAP$OPERATION 
A constant flag array that indicates whether 
an FDC command can be overlapped with other 
commands. 


NO$RESULT 
A constant flag array that is used to deter- 
mine when an FOC operation does not have a 
result phase. 


IMMED$RESULT 
A constant flag array that indicates that an 
FDC operation has a result phase beginning 
immediately after the command phase is 
complete. 


POSSIBLE$ERROR 
A constant flag array that indicates if an 
FDC operation should be checked for an 
error status indication during the result 
phase. 


Address 
Offset 
Disk 
Operation 
Control 
Block 
(DOCB) 


FDC 
busy. 
The 
requested 
operation 
cannot 
be 
started. 
This 
error 


occurs 
if an attempt 
is made 
to start 
an operation 
before 
the 


previous 
operation 
is completed. 


FDC 
error. 
An 
error 
was 
detected 
by the FDC 
during 
the execution 


phase 
of a disk 
operation. 
Additional 
error 
information 
is con- 


tained 
in the result 
data 
portion 
of 
the disk 
operation 
control 


block 
(DOCB.OrSK$RESULT) 
as described 
in the 8272 
data 
sheet. 


This 
error 
occurs 
whenever 
the 8272 
reports 
an execution 
phase 


error 
(~.g., missing 
address 
mark). 


8272 
command 
interface 
error. 
An 
8272 
interfacing 
error 
was 
de- 


tected 
during 
the command 
phase. 
This 
error 
occurs 
when 
the command 


phase 
of a disk 
operation 
cannot 
be 
successfully 
completed 
(e.g., 


incorrect 
setting 
of 
the oro 
flag 
in the Main 
status 
Register). 


8272 
result 
interface 
error. 
An 
8272 
interfacing 
error 
was 
detected 
during 
the 
result 
phase. 
This 
error 
occurs 
when 
the result 
phase 
of 
a disk 
operation 
cannot 
be 
successfully 
completed 
(e.g., 
incorrect 


setting 
of 
the oro 
flag 
in the Main 
Status 
Register). 


This 
procedure 
performs 
all 
interrupt 
processing 
for 
the 
8272 
interface 
drivers. 
Basically, 
two 
types 
of 
interrupts 
are 
generated 
by 
the 
8272: 
(a) an 
interrupt 
that 
signals 
the 
end 
of a command 
execution 
phase 
and 
the beginning 
of 
the 
re- 


sult 
phase 
and 
(b) an 
interrupt 
that 
signals 
the completion 
of an overlapped 
operation 
or 
the 
occurrence 
of an unexpected 
event 
(e.g., 
change 
in the 
drive 


"ready" 
status). 


An 
interrupt 
of 
type 
(a) is indicated 
when 
the FDC 
BUSY 
flag 
is set 
(in the 


Main 
Status 
Register). 
When 
a type 
(a) interrupt 
is sensed, 
the 
result 
bytes 


are 
read 
from 
the 
8272 
and placed 
in the 
result 
portion 
of 
the disk 
operation 


control 
block, 
the 
appropriate 
OPERATION$COMPLETE 
flag 
is set, 
and 
the OPERA- 
TION$IN$PROGRESS 
flag 
is reset. 


When 
an 
interrupt 
of 
type 
(b) is indicated 
(FDC not 
busy), 
a sense 
interrupt 
status 
command 
is issued 
(to the FDC). 
The 
upper 
two 
bits 
of 
the 
result 
status 


register 
(Status 
Register 
Zero 
- STO) 
are 
used 
to determine 
the 
cause 
of 
the 
interrupt. 
The 
following 
four 
cases 
are possible: 


1) Operation 
Complete. 
An 
overlapped 
operation 
is complete. 
The 
drive 
number 
is found 
in the 
lower 
two bits 
of 
STO. 
The 
STO 
data 
is transferred 
to the 
active 
operation 
control 
block, 
the OPERA- 
TION$COMPLETE 
flag 
is set, 
and 
the OPERATION$IN$PROGRESS 
flag 
is 
reset. 


2) Abnormal 
Termination. 
A disk 
operation 
has 
abnormally 
terminated. 


The 
drive 
number 
is found 
in the 
lower 
two bits 
of 
STO. 
The 
STO 
data 
is transferred 
to the 
active 
control 
block, 
the OPERATION$COM- 


PLETE 
flag 
is set, 
and 
the OPERATION$IN$PROGRESS 
flag 
is reset. 


3) Invalid 
Command. 
The 
execution 
of an 
invalid 
command 
(i.e., 
a 
sense 
interrupt 
command 
with 
no 
interrupt 
pending) 
has 
been 
attempt- 


ed. 
This 
interrupt 
signals 
the 
successful 
completion 
of all 
interrupt 
processing. 


4) Drive 
Status 
Change. 
A change 
has 
occurred 
in the 
"ready" 
status 
of 
a disk 
drive. 
The 
drive 
number 
is found 
in the 
lower 
two bits 
of 
STO. 
The 
DRIVE$READY 
flag 
for 
this 
disk 
drive 
is set 
to the 
new 
drive 
"ready" 
status 
and 
the DRIVE$STATUS$CHANGE 
flag 
for 
the 
drive 
is also 
set. 
In addition, 
if a command 
is currently 
in 
progress, 
the 
STO 
data 
is transferred 
to the 
active 
control 
block, 
the OPERATION$COMPLETE 
flag 
is set, 
and 
the OPERATION$IN$PROGRESS 
flag 
is reset. 


After 
processing 
a type 
(b) interrupt, 
additional 
sense 
interrupt 
status 
commands 


must 
be 
issued 
and 
processed 
until 
an "invalid 
command" 
result 
is returned 
from 


the FDC. 
This 
action 
guarantees 
that 
all 
"hidden" 
interrupts 
are 
serviced. 


In addition 
to the major 
driver 
procedures 
described 
above, 
a number 
of 
support 


procedures 
are 
required. 
These 
support 
routines 
are 
briefly 
described 
in the 
following 
paragraphs. 


This 
procedure 
outputs 
the DMA mode, 
the DMA 
address, 
and 
the DMA 
word 
count 
to the 
8237 
DMA 
controller. 
In addition, 
the 
upper 
four 
bits 
of 
the 
20-bit 
DMA 
address 
are output 
to the address 
extension 
latch. 
Finally, 
the disk 
DMA 
channel 
is started. 


This 
software 
module 
outputs 
a complete 
disk 
command 
to the 8272 
FDC. 
The 
number 
of 
required 
command/parameter 
bytes 
is found 
in the COMMAND$LENGTH 
table. 
The 
appropriate 
bytes 
are output 
one 
at a time 
(by calls 
to OUTPUT$BYTE$TO$FDC) 
from 
the command 
portion 
of 
the disk 
operation 
control 
block. 


This 
procedure 
is used 
to read 
result 
phase 
status 
information 
from 
the disk 
controller. 
At most, 
seven 
bytes 
are 
read. 
In order 
to read 
each 
byte, 
a call 
is made 
to INPUT$BYTE$FROM$FDC. 
When 
the last 
byte 
has 
been 
read, 
a check 
is 
made 
to 
insure 
that 
the FDC 
is no longer 
busy. 


This 
software 
is used 
to output 
a single 
command/parameter 
byte 
to the FDC. 
This 
procedure 
waits 
until 
the FDC 
is ready 
for 
a command 
byte 
and 
then 
out- 
puts 
the byte 
to the FDC 
data 
port. 


This 
procedure 
inputs 
a single 
result 
byte 
from 
the FDC. 
The 
software 
waits 
until 
the FDC 
is ready 
to transfer 
a result 
byte 
and 
then 
reads 
the byte 
from 
the FDC 
data 
port. 


This 
procedure 
assures 
that 
the FDC 
is ready 
to accept 
a command/parameter 
byte 
by performing 
the 
following 
three 
steps. 
First, 
a small 
time 
interval 
(more 
than 
20 microseconds) 
is inserted 
to assure 
that 
the RQM 
flag 
has 
time 
to become 
valid 
(after 
the last 
byte 
transfer). 
Second, 
the master 
request 
flag 
(RQM) is 
polled 
until 
it is activated 
by the FDC. 
Finally, 
the DIO 
flag 
is checked 
to 
ensure 
that 
it is properly 
set 
for FDC 
input 
(from the processor). 


The 
operation 
of 
this 
procedure 
is similar 
to the FDC$READY$FOR$COMMAND 
with 
the following 
exception. 
If the FDC 
BUSY 
flag 
(in the Main 
Status 
Register) 
is not 
set, 
the 
result 
phase 
is complete 
and 
no more 
data 
is available 
from 
the FDC. 
Otherwise, 
the procedure 
waits 
for 
the RQM 
flag 
and 
checks 
the DIO 
flag 
for FDC 
output 
(to the processor). 


This 
procedure 
is called 
after 
the execution 
of 
a disk 
operation 
that 
has 
no 
result 
phase. 
OPERATION$CLEAN$UP 
resets 
the OPERATION$IN$PROGRESS 
flag 
and 
the 
GLOBAL$DRIVE$NO 
variable 
if appropriate. 
This 
procedure 
is also 
called 
to clean 


up after 
some 
disk 
operation 
errors. 


To 
operate 
in the polling 
mode, 
the following 
modifications 
should 
be made 
to 


the previous 
routines: 


2. In EXECUTE$DOCB, 
immediately 
prior 
to WAIT$FOR$OP$COMPLETE, 
a 
polling 
loop 
should 
be 
inserted 
into 
the code. 
The 
loop 
should 
test 
the RQM 
flag 
(in the Main 
status 
Register). 
When 
RQM 
is 
set, 
a data 
byte 
should 
be written 
to, or 
read 
from, 
the 8272. 
The 
buffer 
address 
may 
be computed 
from 
the base 
address 
con- 
tained 
in DOCB.DMA$ADDR 
and DOCB.DMA$ADDR$EXT. 
After 
the correct 


number 
of bytes 
have 
been 
transferred, 
an operation 
complete 


interrupt 
will 
be 
issued 
by the FDC. 
During 
data 
transfer 
in 
the non-DMA 
mode, 
the NON-DMA 
MODE 
flag 
(bit 5 of 
the Main 
status 
Register) 
will 
be 
set. 
This 
flag 
will 
remain 
set for 
the complete 


execution 
phase. 
When 
the 
transfer 
is finished, 
the NON-DMA 
MODE 
flag 
is 
reset 
and 
the 
result 
phase 
interrupt 
is issued 
by 
the FDC. 


Appendix 
B of 
this 
Application 
Note 
contains 
a PL/M 
listing 
of 
an 
exerciser 
program 
for 
the 
8272 
drivers. 
This 
program 
illustrates 
the 
design 
of 
logical 
interface 
level 
procedures 
to specify 
disk 
parameters, 
recalibrate 
a drive, 
seek 
to 
a cylinder, 
format 
a disk, 
read 
data, 
and 
write 
data. 


The 
exerciser 
program 
is written 
to operate 
a standard 
single-sided 
8" 
floppy 
disk 
drive 
in either 
the 
single- 
or 
double-density 
recording 
mode. 
Only 
the 
eight 
parameters 
listed 
in Table 
9 must 
be 
specified. 
All 
other 
parameters 
are 
derived 
from 
these 
8 basic 
variables. 


Each 
of 
these 
logical 
interface 
procedures 
is described 
in 
the 
following 
para- 
graphs 
(refer 
to 
the 
listing 
in Appendix 
B). 


This 
procedure 
sets 
the FDC 
signal 
timing 
so 
that 
the 
FDC 
will 
interface 
correctly 
to 
the 
attached 
disk 
drive. 
The 
SPECIFY 
procedure 
requires 
four 
parameters, 
the 
step 
rate 
(SRT), 
head 
load 
time 
(HLT), 
head 
unload 
time 
(HUT), 
and 
the 
non-DMA 
mode 
flag 
(NO). 
This 
procedure 
builds 
a disk 
operation 
control 
block 
(SPECIFY$DOCB) 
and 
passes 
the 
control 
block 
to 
the 
FDC 
driver 
module 
(EXECUTE$DOCB) 
for 
execution. 
(Note 
carefully 
the 
computation 
required 
to 
transform 
the 
step 
rate 
(SRT) 
into 
the 
correct 
8272 
parameter 
byte.) 


This 
procedure 
causes 
the 
floppy 
disk 
read/write 
head 
to retract 
to 
track 
O. 
The 
RECALIBRATE 
procedure 
requires 
only 
one 
parameter 
- 
the 
drive 
number 
on 
which 
the 
recalibrate 
operation 
is to be 
performed. 
This 
procedure 
builds 
a 
disk 
operation 
control 
block 
(RECALIBRATE$DOCB) 
and 
passes 
the 
control 
block 
to 
the 
FDC 
driver 
for 
execution. 


This 
procedure 
causes 
the 
disk 
read/write 
head 
(on the 
selected 
drive) 
to move 
to 
the 
desired 
cylinder 
position. 
The 
SEEK 
procedure 
is called 
with 
three 
parameters: 
drive 
number 
(DRV), 
head/side 
number 
(HO), 
and 
cylinder 
number 
(CYL). 
This 
software 
module 
builds 
a disk 
operation 
control 
block 
(SEEK$DOCB) 
that 
is executed 
by 
the 
FDC 
driver. 


The 
FORMAT 
procedure 
is designed 
to 
initialize 
a complete 
floppy 
disk 
so 
that 
sectors 
can 
subsequently 
be 
read 
and 
written 
by 
system 
and 
application 
programs. 


Three 
parameters 
must 
be 
supplied 
to 
this 
procedure: 
the 
drive 
number 
(DRV), 
the 
recording 
density 
(DENS), 
and 
the 
interleave 
factor 
(INTLVE). 
The 
FORMAT 
procedure 
generates 
a data 
block 
(FMTBLK) 
and 
a disk 
operation 
control 
block 
(FORMAT$DOCB) 
for 
each 
track 
on 
the 
floppy 
disk 
(normally 
77). 


The data byte to be written in all sectors during 
formatting. 


The number of bytes in each disk sector. 
The 


exerciser accepts 128, 256, and 512 in FM mode, 
and 256, 512, and 1024 in MFM mode. 


The 
format 
data 
block 
specifies 
the four 
sector 
10 field 
parameters 
(cylinder, 
head, 
sector, 
and 
bytes 
per 
sector) 
fpr 
each 
sector 
on 
the 
track. 
The 
sector 
numbers 
need 
not be 
sequential: 
the 
interleave 
factor 
(INTLVE 
parameter) 
is used 
to compute 
the logical 
to physical 
sector 
mapping. 


After 
both 
the format 
data 
block 
and 
the operation 
control 
block 
are generated 
for 
a given 
cylinder, 
control 
is passed 
to the 8272 
drivers 
for 
execution. 
After 
the format 
operation 
is complete, 
a SEEK 
to the next 
cylinder 
is per- 
formed, 
a new 
format 
table 
is generated, 
and 
another 
track 
formatting 
operation 
is executed 
by the drivers. 
This 
traQk 
formatting 
continues 
until 
all 
tracks 
on 
the diskette 
are formatted. 


In s~e 
systems, 
bad 
tracks 
must 
also 
be 
specified 
when 
a disk 
is formatted. 
For 
these 
systems, 
the 
existing 
FORMAT 
procedure 
should 
be modified 
to format 
bad 
tracks 
with 
a cylinder 
number 
of OFFH. 


The WRITE 
procedure 
transfers 
a complete 
sector 
of data 
to the disk 
drive. 
Five 
parameters 
must 
be 
supplied 
to this 
software 
module: 
the drive 
number 
(DRV), 
the cylinder 
number 
(CYL), 
the head/side 
number 
(HD), the 
sector 
number 
(SEC) 
and 
the 
recording 
density 
(DENS). 
This 
procedure 
generates 
a disk 
operation 
control 
block 
(WRITE$DOCB) 
from 
these 
parameters 
and passes 
the control 
block 
to 
the 8272 
driver 
for execution. 
When 
control 
returns 
to the calling 
program, 
the 
data 
has 
been 
transferred 
to disk. 


This 
procedure 
is identical 
to the WRITE 
procedure 
except 
the direction 
of data 
transfer 
is reversed. 
The READ 
procedure 
transfers 
a sector 
of data 
from 
the 
floppy 
disk 
to system 
memory. 


In 
actual 
practice 
all 
logical 
disk 
interface 
routines 
would 
contain 
error 
processing 
mechanisms. 
(Errors 
have 
been 
ignored 
for 
the 
sake 
of 
simplicity 
in the exerciser 
programs 
listed 
in Appendix 
B.) 
A typical 
error 
recovery 
technique 
consists 
of a two-stage 
procedure. 
First, 
when 
an error 
is detected, 
a recalibrate 
operation 
is performed 
followed 
by a retry 
of 
the failed 
operation. 
This 
procedure 
forces 
the drive 
to seek 
directly 
to the 
requested 
cylinder 
(low- 
ering 
the probability 
of a seek 
error) 
and 
attempts 
to perform 
the requested 
operation 
an 
additional 
time. 
Soft 
(temporary) 
errors 
caused 
by mechanical 
or 
electrical 
interference 
do not 
normally 
recur 
during 
the 
retry 
operation: 
hard 
errors 
(caused 
by media 
or drive 
failures), 
on 
the other 
hand, 
will 
continue 
to occur 
during 
retry 
operations. 
If, 
after 
a number 
of 
retries 
(approximately 
10), 
the operation 
continues 
to fail, 
an error 
message 
is displayed 
to the 
sys- 
tem operator. 
This 
error 
message 
lists 
the drive 
number, 
type 
of operation, 
and 
failure 
status 
(from the FDC). 
It is the operator's 
responsibility 
to take 
additional 
action 
as required. 


The 
file 
system 
provides 
the disk 
I/O 
interface 
level 
most 
familiar 
to users 
of 
interactive 
microcomputer 
and minicomputer 
systems. 
In a file 
system, 
all 
data 
is stored 
in named 
disk 
areas 
called 
files. 
The 
user 
and 
applications 
programs 
need 
not be concerned 
with 
the exact 
location 
of 
a file 
on 
the disk 
- 
the 


disk 
file 
system 
automatically 
determines 
the file 
location 
from 
the file 
name. 
Files 
may 
be created, 
read, 
written, 
modified, 
and 
finally 
deleted 
(destroyed) 


when 
they 
are 
no longer 
needed. 
Each 
floppy 
disk 
typically 
contains 
a directory 
that 
lists 
all 
the files 
existing 
on 
the disk. 
A directory 
entry 
for 
a file 


contains 
information 
such 
as file 
name, 
file 
size, 
and 
the disk 
address 
(track 


and 
sector) 
of 
the beginning 
of 
the file. 


File 
storage 
is actually 
allocated 
on 
the disk 
(by the 
file 
system) 
in fixed 


size 
areas 
called 
blocks. 
Normally 
a block 
is the same 
size 
as a disk 
sector. 


Files 
are 
created 
by finding 
and 
reserving 
enough 
unused 
blocks 
to contain 
the 


data 
in 
the file. 
Two 
file 
allocation 
methods 
are currently 
in widespread 
use. 
The 
first 
method 
allocates 
blocks 
(for a file) 
from 
a sequential 
pool 
of 
unused 
blocks. 
Thus, 
a file 
is always 
contained 
in a set of 
sequential 
blocks 
on 
the 
disk. 
Unfortunately, 
as files 
are created, 
updated, 
and 
deleted, 
these 
free- 


block 
pools 
become 
fragmented 
(separated 
from 
one 
another). 
When 
this 
fragmen- 


tation 
occurs, 
it often 
becomes 
impossible 
for 
the 
file 
system 
to create 
a file 
even 
though 
there 
is a sufficient 
number 
of 
free 
blocks 
on 
the disk. 
At 
this 


point, 
special 
programs 
must 
be 
run 
to "squeeze" 
or compact 
the disk, 
in order 
to re-create 
a single 
contiguous 
free-block 
pool. 


The 
second 
file 
allocation 
method 
uses 
a more 
flexible 
technique 
in which 
indi- 


vidual 
data 
blocks 
may 
be located 
anywhere 
on 
the disk 
(with no restrictions). 
With 
this 
technique, 
a file 
directory 
entry 
contains 
the disk 
address 
of 
a file 


pointer 
block 
rather 
than 
the disk 
address 
of 
the first 
data 
block 
of 
the 
file. 
This 
file 
pointer 
block 
contains 
pointers 
(disk addresses) 
for 
each 
data 
block 
in the file. 
For 
example, 
the first 
pointer 
in the file 
pointer 
block 
contains 


the 
track 
and 
sector 
address 
of 
the first 
data 
block 
in the file, 
the second 
pointer 
contains 
the disk 
address 
of 
the 
second 
data 
block, 
etc. 


In practice, 
pointer 
blocks 
are 
usually 
the 
same 
size 
as data 
blocks. 
Therefore, 
some 
files 
will 
require 
multiple 
pointer 
blocks. 
To 
accommodate 
this 
require- 


ment 
without 
loss 
of 
flexibility, 
pointer 
blocks 
are 
linked 
together, 
that 
is, 
each 
pointer 
block 
contains 
the disk 
address 
of 
the following 
pointer 
block. 
The 
last 
pointer 
block 
of 
the file 
is signalled 
by an 
illegal 
disk 
address 
(e.g., 
track 
0, sector 
0 or 
track 
OFFH, 
sector 
OFFH). 


The 
Intel 
file 
system 
(described 
in detail 
in the RMX-80 
Users 
Guide) 
uses 
the 
second 
disk 
file 
allocation 
method 
(previously 
discussed). 
In order 
to 
lower 
the 
system 
overhead 
involved 
in finding 
free 
data 
blocks, 
the 
Intel 
file 
system 
incorporates 
a free 
space 
management 
data 
structure 
known 
as a bit map. 
Each 
disk 
sector 
is represented 
by a single 
bit 
in the bit map. 
If a bit 
in the 
bit map 
is set 
to 1, the corresponding 
disk 
sector 
has 
been 
allocated. 
A 
zero 
in the bit map 
indicates 
that 
the corresponding 
sector 
is free. 
With 
this 
technique, 
the process 
of allocating 
or freeing 
a sector 
is accomplished 
by 
simply 
altering 
the bit map. 


File 
names 
consist 
of a basic 
file 
name 
(up to six characters) 
and 
a file 
ex- 
tension 
(up to 
three 
characters). 
The 
basic 
file 
name 
and 
the file 
extension 
are 
separated 
by a period 
(.). 
Examples 
of valid 
file 
names 
are: 
ORIV72.0BJ, 
XX.TMP, 
and FILE.eS. 
In addition, 
four 
file 
attributes 
are 
supported 
(see 
Figure 
3 for 
attribute 
definitions) 
. 


The 
bit map 
and 
the file 
directory 
are placed 
on prespecified 
disk 
tracks 
(reserved 
for 
system 
use) 
beginning 
at 
track 
zero. 


Table 
2 illustrates 
the 
typical 
functions 
implemented 
by 
a disk 
file 
system. 
As 
an example, 
the disk 
directory 
function 
(OIR) lists 
disk 
file 
information 
on 
the console 
display 
terminal. 
Figure 
3 details 
the contents 
of a display 
entry 
in the 
Intel 
file 
system. 
The 
PL/M 
procedure 
outlined 
in Figure 
4 illustrates 
a disk 
directory 
algorithm 
that 
displays 
the file 
name, 
the file 
attributes, 
and 
the file 
size 
(in blocks) 
for each 
file 
in the directory. 


0- INVISIBLE 
1· SYSTEM 
2 - WRITE·PROTECT 
L----l t I (RESERVED) 


6 - 
7 - FORMAT 


07FH 
- No 
file 
is associated 
with 
this 
entrY1 
the content 
of 
the 
rest 


of 
the entry 
is undefined. 
The 
first 
entry 
with 
its 
flag 
set 


to 
07FH marks 
the current 
logical 
end 
of 
the directory 
and 


directory 
searches 
stop 
at this 
entry. 


OFFH 
- The 
file 
named 
in this 
entry 
once 
existed 
on 
the 
disk 
but 
is 


currently 
deleted. 
The 
next 
file 
added 
to the directory 
will 


be placed 
in the first 
entry 
marked 
OFFH. 
This 
flag 
cannot, 


therefore, 
be used 
to 
(reliably) 
find 
a file 
that 
has 
been 


deleted. 
A value 
of 
OFFH 
should 
be 
t~ought 
of as 
simply 
marking 


an open 
directory 
entry. 


Pile 
Name 
is a string 
of up to 6 non-blank 
ASCII 
characters 
specifying 


name 
of 
the 
file 
associated 
with 
the directory 
entry. 
If the 
file 
name 
shorter 
than 
six 
characters, 
the 
remaining 
bytes 
contain 
binary 
zeros. 


ample, 
the 
name 
ALPHA 
would 
be stored 
as: 
4l4C50484l00H. 


the 
is 
For 
ex- 


Extension 
is a string 
of 
up to 3 non-blank 
ASCII 
characters 
that 
specifies 
an 
extension 
to the 
file 
name. 
Extensions 
often 
identify 
the 
type 
of data 
in the 
file 
such 
as OBJ 
(object 
module), 
or PLM 
(PL/M source 
module). 
As with 
the 
file 
name, 
unused 
positions 
in the 
extension 
field 
are 
filled 
with 
binary 
zeros. 


Attributes 
are 
bits 
that 
identify 
certain 
characteristics 
of 
the file. 
A 
1 


bit 
indicates 
that 
the file 
has 
the 
attribute, 
while 
a 0 bit means 
that 
the file 


does 
not 
have 
the attribute. 
The 
bit positions 
and 
their 
corresponding 
attri- 


butes 
are 
listed 
below 
(bit 0 is the low-order 
or rightmost 
bit, 
bit 
7 is the 
leftmost 
bit): 


0: 
Invisible. 
Files 
with 
this 
attribute 
are not 
listed 
by the 
ISIS-II 
DIR 
command 
unless 
the 
I switch 
is used. 
All 
system 
files 
are 
invisible. 


1: 
System. 
Files 
with 
this 
attribute 
are copied 
to the disk 
in 
drive 
1 when 
the S switch 
is specified 
with 
the 
ISIS-II 
FORMAT 
command. 


2: 
Write-Protect. 
Files 
with 
this 
attribute 
cannot 
be opened 
for 


output 
or update, 
nor 
can 
they 
be deleted 
or 
renamed. 


7: 
Format. 
Files 
with 
this 
attribute 
are 
treated 
as though 
they 


are write-protected. 
In addition, 
these 
files 
are 
created 
on 
a new diskette 
when 
the 
ISIS-II 
FORMAT 
command 
is issued. 
The 


system 
files 
all have 
the FORMAT 
attribute 
and 
it should 
not 
be given 
to any other 
files. 


EOF 
count 
contains 
the number 
of the last 
byte 
in the last 
data 
block 
of 


the file. 
If the value 
of this 
field 
is 080H, 
for example, 
the 
last 
byte 
in 
the file 
is byte 
number 
128 
in the last 
data 
block 
(the last 
block 
is fUll). 


Number 
of Data 
Blocks 
is an address 
variable 
that 
indicates 
the number 
of 
data 
blocks 
currently 
used 
by the file. 
ISIS-II 
and 
the RMXj80 
Disk 
File 
system 
both maintain 
a counter 
called 
LENGTH 
that 
is the current 
number 
of 
bytes 
in the file. 
This 
is calculated 
as: 


Header 
Block 
pointer 
is the address 
of the file's 
header 
block. 
The 
high 
byte 
of the 
field 
is the sector 
number 
and 
the low 
byte 
is the 
track 
number. 
The 
system 
"finds" 
a disk 
file 
by searching 
the directory 
for 
the name 
and 
then 
using 
the header 
block 
pointer 
to seek 
to the beginning 
of 
the file. 


dir: 
procedure(drv,dens) 
declare 
drv 
dens 
sector 
i 
dir$ptr 
dir$entry 


invisible$flag 
system$flag 
protected$flag 
format$flag 


public; 
byte, 
byte, 
byte, 
byte, 
byte, 
based 
rdbptr 
structure 
(presence byte, 
file$name(6) 
byte,extension(3) 
byte, 
attribute 
byte~eof$count 
byte, 
data$blocks 
address,header$ptr 
address), 
byte, 


literallv 
~l~, 
literally 
~2~, 
literally 
~4~, 
literally 
~80H~; 


/* The disk 
directory 
starts 
at cylinder 
1, sector 
2 */ 
call 
seek(drv,l,O); 


do sector=2 
to 26; 


call 
read(drv,l,O,sector,dens); 


do dir$ptr=O 
to 112 by 4; 
if dir$entry.presence=7FH 
then return; 


if dir$entry.presence=O 
then do; 
do 
i=O to 5; call co(dir$entry.file$name(i»); 
end; 


call 
co(period); 


do 
i=O to 2; call co(dir$entry.extension(i»); 
end; 
do 
i=O to 4; call co(space); 
end; 


call 
convert$to$decimai(@size,dir$entry.data$blocks); 
do 
i=O to 4; call 
co(size(i»; 
end; 


If 
(dir$entrv.attribute 
and 
invisible$flag) 
<> 
0 then call co(~I~); 


If 
(dir$entry.attribute 
and system$flag) 
<> 
0 then call co(~S~); 
If 
(dir$entry.attribute 
and protected$flag) 
<> 
0 then call 
co(~W~); 


If 
(dir$entry.attribure 
and format$flag) 
<> 
0 then call 
co(~F~); 
end; 


end; 
end; 


This 
section 
contains 
a quick 
review 
of Key 
8272 
Software 
design 
features 
and 
issues. 
(Most 
items 
have 
been mentioned 
in other 
sections 
of 
this 
application 


note.) 
Before 
designing 
8272 
software 
drivers, 
it is advisable 
that 
the 
infor- 
mation 
in this 
section 
be 
thoroughly 
understood. 


In 
systems 
that 
operate 
without 
a DMA 
controller 
(in the polled 
or 


interrupt 
driven 
mode), 
the 
system 
software 
is responsible 
for counting 


data 
transfers 
to/from 
the 
8272 
and generating 
a TC 
signal 
to the FDC 


when 
the 
transfer 
is complete. 


In 
the command 
phase, 
the driver 
software 
must 
write 
the exact 
number 
of parameters 
in the exact 
order 
shown 
in Table 
5. 
During 
the 
result 
phase, 
the driver 
must 
read 
the 
complete 
result 
status. 
For 
example, 
the Format 
Track 
command 


requires 
six command 
bytes 
and presents 
seven 
result 
bytes. 
The 
8272 
will 
not 


accept 
a new 
command 
until 
all 
result 
bytes 
are 
read. 
Note 
that 
the number 
of 


command 
and 
result 
bytes 
varies 
from 
command-to-command. 
Command 
and 
result 


phases 
cannot 
be 
shortened. 


During 
both 
the command 
and 
result 
phases, 
the Main 
Status 
Register 
must 
be 
read 
by the 
driver 
before 
each 
byte 
of 
information 
is read 
from, 
or written 
to, 
the FOe 
Data 
Register. 
Before 
each 
command 
byte 
is written, 
010 
(bit 6) 
must 
be 
low 
(indicating 
a data 
transfer 
from 
the processor) 
and RQM 
(bit 7) 


must 
be 
high 
(indicating 
that 
the FDC 
is ready 
for data). 
During 
the 
result 


phase, 
010 
must 
be high 
(indicating 
a data 
transfer 
to the processor) 
and RQM 


must 
also 
be high 
(indicating 
that 
data 
is ready 
for 
the processor) 
• 


Hote: 
After 
the 8272 
receives 
a command 
byte, 
the RQM 
flag may 
remain 
set 
for 


approximately 
16 microseconds 
(with an 8 MHz 
clock). 
The 
driver 
should 
not 


attempt 
to read 
the Main 
Status 
Register 
before 
this 
time 
interval 
has 


elapsed; 
otherwise, 
the driver 
may 
erroneously 
assume 
that 
the FOe 
is 
ready 
to accept 
the next 
byte. 


The 
8272 
constantly 
polls 
all drives 
for changes 
in the drive 
ready 
status. 


This 
polling 
begins 
immediately 
following 
RESET. 
An 
interrupt 
is generated 
every 
time 
the FDC 
senses 
a change 
in the drive 
ready 
status. 
After 
reset, 


the FDC 
assumes 
that 
all drives 
are 
"not 
ready". 
If a drive 
is ready 


immediately 
after 
reset, 
the 
8272 
generates 
a drive 
status 
change 
interrupt. 


The 
8272 
FDC 
does 
not 
perform 
implied 
seeks. 
Before 
issuing 
a data 
read 


or write 
command, 
the 
read/write 
head 
must 
be positioned 
over 
the 
correct 
cylinder 
by means 
of 
an 
explicit 
seek 
command. 
If 
the 
head 
is not 
posit- 


ioned 
correctly, 
a cylinder 
address 
error 
is generated. 


When 
the 
processor 
receives 
an 
interrupt 
from 
the 
FDC, 
the 
FDC 
may 
be 
re- 
porting 
one 
of 
two 
distinct 
events: 


a) The 
beginning 
of 
the 
result 
phase 
of 
a previously 
requested 


read, 
write, 
or 
scan 
command. 


b) An 
asynchronous 
event 
such 
as 
a seek/recalibrate 
completion, 
an 
attention, 
an 
abnormal 
command 
termination, 
or 
an 
invalid 
command. 


These 
two 
cases 
are 
distinguished 
by 
the 
FDC 
BUSY 
flag 
(bit 4) 
in the Main 
Status 
Register. 
If 
the 
FDC 
BUSY 
flag 
is high, 
the 
interrupt 
is of 
type 
(a). 


If 
the 
FDC 
BUSY 
flag 
is 
low, 
the 
interrupt 
was 
caused 
by 
an asynchronous 


event 
(b). 


A 
single 
interrupt 
from 
the 
FDC 
may 
signal 
more 
than 
one 
of 
the 
above 
events. 
After 
receiving 
an 
interrupt, 
the 
processor 
must 
continue 
to 
issue 
Sense 


Interrupt 
Status 
commands 
(and service 
the 
resulting 
conditions) 
until 
an 
invalid 
command 
code 
is received. 
In 
this 
manner, 
all 
"hidden" 
interrupts 
are 


ferreted 
out 
and 
serviced. 


The 
skip 
flag 
is used 
during 
the 
execution 
of Read 
Data, 
Read 
Deleted 
Data, 
Read 
Track, 
and 
various 
Scan 
commands. 
This 
flag 
permits 
the 
FDC 
to skip 
unwanted 
sectors 
on 
a disk 
track. 


When 
performing 
a Read 
Data, 
Read 
Track, 
or 
Scan 
command, 
a high 
SK 
flag 
indi- 


cates 
that 
the 
FDC 
is to 
skip 
over 
(not transfer) 
any 
sector 
containing 
a 
deleted 
data 
address 
mark. 
A 
low 
SK 
flag 
indicates 
that 
the 
FDC 
is to 
termi- 
nate 
the 
command 
(after 
reading 
all 
the 
data 
in 
the 
sector) 
when 
a deleted 
data 
address 
mark 
is encountered. 


When 
performing 
a Read 
Deleted 
Data 
command, 
a high 
SK 
flag 
indicates 
that 
sectors 
containing 
normal 
data 
add~ess 
marks 
are 
to be 
skipped. 
Note 
that 
this 
is just 
the 
opposite 
situation 
from 
that 
described 
in 
the 
last 
paragraph. 
When 
a data 
address 
mark 
is encountered 
during 
a Read 
Deleted 
Data 
command 
(and 


the 
SK 
flag 
is 
low), 
the 
FDC 
terminates 
the 
command 
after 
reading 
all 
the 
data 
in the 
sector. 


The 
8272 
does 
not 
internally 
maintain 
bad 
track 
information. 
The 
maintenance 
of 
this 
information 
must 
be 
performed 
by 
system 
software. 
As 
an example 
of 
typical 
bad 
track 
operation, 
assume 
that 
a media 
test 
determines 
that 
track 
31 and 
track 
66 of 
a given 
floppy 
disk 
are 
bad. 
When 
the 
disk 
is 
formatted 


for 
use, 
the 
system 
software 
formats 
physical 
track 
0 as 
logical 
cylinder 


o 
(C=O in 
the 
command 
phase 
parameters), 
physical 
track 
1 as 
logical 
track 
1 


(C=l), 
and 
so on, 
until 
physical 
track 
30 
is formatted 
as logical 
cylinder 
30 
(C=30). 
physcial 
track 
31 
is bad 
and 
should 
be 
formatted 
as 
logical 


cylinder 
FF _(indicating 
a bad 
track). 
Next, 
physical 
track 
32 
is formatted 


as 
logical 
cylinder 
31, 
and 
so on, 
until 
physioal 
track 
65 
is formatted 
as 
logical 
cylinder 
64. 
Next, 
bad 
physical 
track 
66 
is formatted 
as 
logical 
cylinder 
FF 
(another 
bad 
track 
marker), 
and 
physical 
track 
67 
is formatted 
as 
logical 
cylinder 
65. 
This 
formatting 
continues 
until 
the 
last 
physical 
track 
(77) is formatted 
as 
logical 
cylinder 
75. 
Normally, 
after 
this 
formatting 
is complete, 
the 
bad 
track 
information 
is stored 
in a prespecified 
area 
on 
the 


floppy 
disk 
(typically 
in a sector 
on 
track 
0) so 
that 
the 
system 
will 
be 
able 


to 
recreate 
the 
bad 
track 
information 
when 
the 
disk 
is 
removed 
from 
the 
drive 
and 
reinserted 
at 
some 
later 
time. 


To 
illustrate 
how 
the 
system 
software 
performs 
a transfer 
operation 
on 
a disk 


with 
bad 
tracks, 
assume 
that 
the 
disk 
drive 
head 
is positioned 
at 
track 
0 and 


the 
disk 
described 
above 
is loaded 
into 
the 
drive~ 
If 
a command 
to 
read 
track 


36 
is 
issued 
by 
an application 
program, 
the 
system 
software 
translates 
this 
read 
command 
into 
a seek 
to physical 
track 
37 
(since 
there 
is one 
bad 
track 
between 
0 and 
36, 
namely 
31) 
followed 
by 
a read 
of 
logical 
cylinder 
36. 
Thus, 
the 
cylinder 
parameter 
C 
is set 
to 37 for 
the 
Seek 
command 
and 
36 for 
the 
Read 
Sector 
command. 
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APPENDIX A 
8272 FDC DEVICE DRIVER SOFTWARE 


ISIS-II 
PL/M-S6 
Vl.2 
COMPILATION 
OF MODULE 
DRIVERS 
OBJECT 
MODULE 
PLACED 
IN 
:Fl:driv72.0BJ 
COMPILER 
INVOKED 
BY: 
plmS6 
:Fl:driv72.pS6 
DEBUG 


$title('S272 
floppy 
disk 
controller 
device 
drivers') 
$nointvector 
$optimize (2) 
$large 


declare 
/* floppy 
disk 
port 
fdc$status$port 
fdc$data$port 


definitions 
*/ 
literally' 
30H' , 
literally 
'3lH': 


declare 


/* 
floppy 
disk 
commands 
*/ 
sense$int$status 
literally 
'OSH': 


declare 


/* 
interrupt 
definitions 
*/ 


fdc$int$level 
literallY 
'33': 


declare 
/* 
return 
status 
and 
error 
ok 
complete 
false 
true 
error$in 
propagate$error 


stat$ok 
stat$busy 
stat$error 
stat$command$error 
stat$result$error 
stat$invalid 


declare 


/* masks 
*/ 


busy$mask 
DIO$mask 
RQM$mask 
seek$mask 
result$error$mask 
result$drive$mask 
result$ready$mask 


declare 


/* 
drive 
numbers 
*/ 


max$no$drives 
fdc$general 


error 
codes 
*/ 


literally"O"', 
literallv"1"", 
literally 
'"3', 
literally"O"', 
literally 
"1", 
literally"not"', 
literally 
"return 
error 


literally"'O"', 
literally"1"', 
literally"'2"', 
literally 
""3"", 
literally"4'", 
literally 
'5': 


/* 
fde 
operation 
completed 
without 
errors 
*/ 


/* 
fdc 
is 
husy, 
cper~tio~ 
cannot 
be 
started 
*/ 


/* 
fdc 
operation 
error 
*/ 


/* 
fdc 
not 
ready 
for 
command 
phase 
*/ 
/* 
fdc 
not 
ready 
for 
rpsult 
phase 
*/ 


/* 
invalid 
fdc 
command 
*/ 


literallY 
'"lOR"', 
literally'"40H"', 
literally 
'SOH', 
literally"'OFH'", 
literallY'"OCOH'", 
literally' 
03H' , 
literally'OSH': 


neclare 


/* 
miscellaneous 
control 
*/ 


any$drive$seeking 
literally 
command$code 
literally 


DIO$set$for$input 
literallY 


DIO$set$for$output 
literally 


extract$drive$no 
literally 


fdc$busy 
literally 


no$fdc$error 
literally 


'((input(fdc$status$port) 
and 
seek$mask) 
<> 0)', 
'(docb.disk$command(O) 
and 
lFH)', 


'(input(fdc$status$port) 
and DIO$mask)=O)', 
'((input(fdc$status$port) 
and DIO$mask)<>O)', 
'(docb.disk$command(l) 
and 
03H)', 
'((input(fdc$status$port) 
and busy$mask) 
<> 0)', 
'possible$error(command$code) 
and 
((docb.disk$result(O) 


and 
result$error$mask) 
= 
0)"', 


"'do while 
not 
operation$complete(drive$no); 
end"', 


'do while 
(input (fdc$status$port) 
and RQM$mask) 
= 0: end:': 


declare 


/* 
structures 
*/ 


dpcb$type 
literally 
/* disk 
operation 
control 
block 
*/ 


"'(dma$op 
byte,dma$addr 
word, 
dma$addr$ext 
byte,dmaScount 
word, 
disk$command 
(9) byte ,disk$result (7) byte ,mise byte)': 


$eject 
declare 
drive$status$change(4) 
byte 
public, 
drive$ready(4) 
byte pUblic: 


declare 
operation$in$progress(S) 
byte, 


operation$complete(5) 
byte, 


operation$docb$ptr(5) 
pointer, 
interrupt$docb 
structure 
docb$type, 
global$drive$no 
byte; 


/* 
internal 
flags 
for operation 
with 
mUltiple 
drives 
*/ 


/* 
fdc execution 
phase 
completed 
*/ 


/* pointers 
for operations 
in progress 
*/ 


/* temporary 
docb 
for 
interrupt 
processing 
*/ 


/* drive 
number 
of non-overlapped 
operation 


in progress 
- if any 
*/ 


declare 
/* 
internal 
vectors 
that contain 
command 
operational 
information 
*/ 


no$result(32) 
byte 
/* no result 
phase 
to command 
*/ 
data(O,O,O,l,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,0,0,0,0,0,0,0), 


immed$result (32).byte 
/* 
immediate 
result 
phase 
for command 
*/ 


data(O,O,O,O,l,O,O,O,l,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,0,0,0,0,0,0,0), 


overlap$operation(32) 
byte 
/* command 
permits 
overlapped 
operation 
of drvies 
*/ 


data(O,O,O,O,O,O,O,l,O,O,O,O,O,O,O,l,O,O,O,O,O,O,O,O,O,0,0,0,0,0,0,0), 


drive$no$present(32) 
byte 
/* drive 
number 
present 
in command 
information 
*/ 


data(O,O,l,O,l,l,l,l,O,l,l,O,l,l,O,l,O,l,O,O,O,O,O,O,O,1,0,0,0,1,0,0), 
possible$error(32) 
byte 
/* determines 
if command 
can 
return 
with 
an error 
*/ 


data(O,O,l,O,O,l,l,l,l,l,l,O,l,l,O,l,O,l,O,O,O,O,O,O,O,1,0,0,0,1,0,0), 


command$length(32) 
byte 
/* contains 
number 
of command 
bytes 
for each 
command 
*/ 
data(0,0,9,3,2,9,9,2,l,9,2,0,9,6,0,3,0,9,0,0,0,0,0,0,0,9,0,0,0,9,0,0), 


valid$command(32) 
byte 
/* flags 
invalid 
command 
codes 
*/ 


data(0,0,l,l,l,1,l,1,l,l,l,0,l,1,0,1,0,1,0,0,0,0,0,0,0,1,0,0,0,1,0,0): 


initialize$drivers: 
procedure 
public: 


/* 
initialize 
8272 drivers 
*/ 
declare 
drv$no 
byte: 


do drv$no=O 
to max$no$drives: 


~rive$ready(drv$no)=false: 
drive$status$change(drv$no)=false; 
operation$in$progress(drv$no)=false: 
operation$complete(drv$no)=false; 
end: 


operation$in$progress(fdc$general)=false; 
operation$complete(fdc$general)=false; 
global$drive$no=O; 


/**** 
wait 
until 
the 8272 
fdc 
is ready 
to receive 
command/parameter 
bytes 


in the command 
phase. 
The 
8272 
is ready 
to receive 
command 
bytes 
when 
the RQM 
flag 
is high 
and 
the 010 
flag 
is low. 
****/ 


/* check 
data 
direction 
flag */ 
if OIO$set$for$input 


then 
return 
ok; 


else 
return 
error: 


/**** 
wait 
until 
the 8272 
fdc 
is ready 
to return 
data 
bytes 
in the result 


phase. 
The 
8272 
is ready 
to return 
a result 
byte when 
the RQM and DIO 
flags 
are both 
high. 
The 
busy 
flag 
in the main 
status 
register 
will 
remain 
set until 
the last data 
byte of 
the result 
phase 
has been 
read 


by the processor. 
****/ 


/* result 
phase 
has ended 
when 
the 8272 busy 
flag .i5 reset 
*/ 
if not 
fdc$busy 


then 
return 
complete: 


/* check 
data 
direction 
flag 
*/ 
if DIO$set$for$output 
then 
return 
ok; 
else 
return 
error; 


/* 
check 
to 
see 
if 
fde 
is 
rp.ady for 
command 
*/ 


if 
not 
fdc$readv$for$command 
then 
propagate$error; 


/**** 
input 
a 
single 
result 
byte 
from 
the 
8272 
fdc. 
The 
"data$byte$ptr" 


parameter 
is 
a 
pointer 
to 
the 
memory 
location 
that 
is 
to 
contain 
the 
input 
byte. 
****/ 


input$byte$from$fdc: 
procedure(data$byte$ptr) 
byte; 
declare 
data$byte$ptr 
pointer; 
declare 
nata$byte 
based 
nata$byte$ptr 
byte, 


status 
byte; 


/* 
check 
to 
see 
if 
fde 
is 
ready 
*/ 
status=fdc$readvSforSresulti 
if 
error$in 
status 
then 
propagate$error; 


/* check 
for 
result 
phase 
complete 
*/ 


if 
status=complete 
then 
return 
complete; 


data$byte=input 
(fdc$data$port) ; 
return 
ok; 
end 
input$byte$from$fdc; 


$eject 


/**** 
output 
the 
dma 
mode, 
the 
dma 
address, 
and 
the 
dma 
word 
count 
to 
the 
8237 
dma 
controller. 
Also 
output 
the 
high 
order 
four 
bits 
of 
the 
address 
to 
the 
address 
extension 
latch. 
Finally, 
start 
the 
disk 
dma 
channel. 
The 
"docb$ptr" 
parameter 
is 
a pointer 
to 
the 
appropriate 
disk 
operation 
control 
block. 
****/ 


output$controls$to$dma: 
procedure{docb$ptr); 
declare 
docb$ptr 
pointer; 
declare 
docb 
based 
rlocb$ptr 
structure 
docbtype; 


declare 


/* 
dma 
port 
definitions 
*/ 


dma$upper$addr$port 
literally'lOH', 


dma$disk$addr$port 
literally'OOH', 


dma$disk$wordScount 
literally 
~OlH;, 
dma$command$port 
literally 
~08H;, 
dma$mode$port 
literally'OBH', 
dma$mask$sr$oort 
literally 
~OAH~, 


dmaSclearSff$port 
literally 
~OCH;, 


dma$master$clear$port 
literally 
~ODH;, 


dma$mask$port 
literally 
~OFH~, 


/* 
upper 
4 bits 
of 
current 
address 
*/ 
/* 
current 
address 
port 
*/ 


/* 
word 
count 
port 
*/ 
/* 
command 
port 
*/ 
/* 
mode 
port 
*/ 
/* 
mask 
set/reset 
port 
*/ 
/* clear 
first/last 
flip-flop 
port 
*/ 


/* 
dma 
master 
clear 
port 
*/ 
/* 
parallel 
mask 
set 
port*/ 


dma$disk$chan$start 
dma$extended$write 
dma$single$transfer 


literallY 
~OOH~, 
literally'shl(L5)', 
literally'shl(1,6)'; 


/* 
dma 
mask 
to 
start 
disk 
channel 
*/ 
/* 
extended 
write 
flag 
*/ 
/* 
single 
transfer 
flag 
*/ 


if docb.dma$op 
< 
3 
then 
do; 
/* set dma mode 
and clear 
first/last 
flip-flop 
*/ 
output (dma$mode$port)=shl(docb.dma$op,2) 
or 
40H; 
output (dma$clear$ff$port)=O; 


/* 
set 
dma 
address 
*/ 
output(dma$disk$addr$port)=low(docb.dma$addr); 
output(dma$disk$addr$port)=high(docb.dma$addr); 
output (dma$upper$addr$port)=docb.dma$addr$ext; 


/* output 
disk 
transfer 
word 
count 
to dma 
controller 
*/ 
output(dma$disk$word$count)=low(docb.dma$count); 
output(dma$disk$word$count)=high(docb.dma$count); 


;. start 
dma channel 
0 for fdc .; 


output (dma$mask$sr$port) =dma$disk$chan$start; 
end; 


;•••• output a high-level 
disk 
command 
to the 8272 
fdc. 
The 
number 
of bytes 
required 
for 
each 
command 
is contained 
in 
the 
"command$length" 
table. 
The 
"docb$ptr" 
parameter 
is 
a pointer 
to 
the 
appropriate 
disk 
operation 
control 
block. 
****/ 


output$command$to$fdc: 
procedure(docb$ptr) 
byte; 
declare 
docb$ptr 
pointer; 


declare 
docb 
based 
docb$ptr 
structure 
docb$type, 
cmd$byte$no 
byte; 


;. output 
all command 
bytes 
to the 
fdc .; 


do cmd$byte$no=O 
to command$length(command$code)-l; 
if error$in 
output$byte$to$fdc(docb.disk$command(cmd$byte$no» 


then 
do; 
enable; 
propagate$error; 
end; 
end; 


enable: 
return 
ok; 
end output$command$to$fdc; 


;•••• 
input 
the result 
data 
from 
the 8272 
fdc during 
the result 
phase 
(after 
command 
execution). 
The 
"docb$ptr" 
parameter 
is 
a pointer 
to 
the 


appropriate 
disk 
operation 
control 
block. 
****/ 


input$result$from$fdc: 
procedure (docb$ptr) 
byte; 
declare 
docb$ptr 
pointer; 
declare 
docb 
based 
docb$ptr 
structure 
docb$type, 
result$byte$no 
byte, 
temp 
byte, 
status 
byte; 


do 
result$byte$no=O 
to 
7; 
status=input$byte$from$fdc(@temp); 
if 
error$in 
status 


then 
do; 
enable; 
propagate$error; 
end; 


if 
status=complete 
then 
do; 
enable; 
return 
ok; 
end; 
docb.disk$result(result$byte$no)=temp; 
end; 


enable; 
if fdc$busy 
then 
return 
error; 
else 
return 
ok; 
end 
input$result$from$fdc; 


/**** 
cleans 
up 
after 
the 
execution 
of 
a disk 
operation 
that 
hps 
no 
result 


phase. 
The 
procedure 
is 
also 
used 
after 
some 
disk 
operation 
errors. 


"drv" 
is 
the 
drive 
number, 
and 
"cc" 
is 
the 
command 
code 
for 
the 


disk 
operation. 
****/ 


operation$clean$up: 
procedure(drv,cc); 
declare 
(drv,cc) 
byte; 


if not overlap$operation(cc} 


then global$drive$no=O; 


enable; 


/**** execute 
the disk 
operation 
control 
block 
specified 
by the pointer 
parameter 
"docb$ptr". 
The 
"status$ptr" 
parameter 
is a pointer 
to 
a byte 
variable 
that 
is to contain 
the status 
of the requested 
operation 
when 
it has been 
completed. 
Six 
status 
conditions 
are 
possible 
on return: 


o 
The 
specified 
operation 
was 
completed 
without 
error. 
1 
The 
fdc is bUsy 
and the requested 
operation 
cannot 
be started. 
2 
Fdc 
error 
(further 
information 
is contained 
in the result 
storage 
portion 
of 
the disk 
operation 
control 
block 
- as 
described 
in the 8272 data 
sheet). 
3 
Transfer 
error 
during 
output 
of 
the command 
bytes 
to the fdc. 
4 
Transfer 
error 
during 
input of 
the result 
bytes 
from 
the fdc. 
S 
Invalid 
fdc command. 
****/ 


declare 
docb$ptr 
pointer, 
status$ptr 
pointer; 
declare 
docb 
based 
docb$ptr 
structure 
docb$type, 
status 
based 
status$ptr 
byte, 


drive$no 
byte; 


/* check 
command 
validity 
*/ 


if not valid$command(command$code) 
then do; 
status=stat$invalid; 
return; 
end; 


/* determine 
if command 
has 
a drive 
number 
field 
- if not, 
set 
the drive 
number 
for a general 
fdc command 
*/ 


if drive$no$present(command$code) 


then drive$no=extract$drive$no; 
else drive$no=fdc$general; 


/* an overlapped 
operation 
can 
not be performed 
if the fdc 
is busy 
*/ 
if overlap$operation(command$code) 
and 
fdc$busy 


then do; 
status=stat$busy; 
return; 
end; 


/* for a non-overlapped 
operation, 
check 
fdc busy or any drive 
seeking 
*/ 


if not overlap$operation(command$code) 
and 
(fdc$busy 
or any$drive$seeking) 


then do; 
status=stat$busy; 
return; 
end; 


/* check 
for drive 
operation 
in progress 
- if none, 
set 
flag 
and start 
operation 
*/ 


disable; 
if operation$in$progress(drive$no) 
then 
do; enable; 
status=stat$busy; 
return; 
end; 
else operation$in$progress(drive$no)=true; 


/* at this point, 
an fdc operation 
is about 
to begin, 
so: 
1. reset 
the operation 
complete 
flag 
2. set 
the docb 
pointer 
for the current 
operation 
3. if this 
is not an overlapped 
operation, 
set 
the global 
drive 
number 
for the subsequent 
result 
phase 
interrupt. 
*/ 


operation$complete(drive$no)=O; 
operation$docb$ptr(drive$no)=docb$ptr; 


if not overlap$operation(comrnand$code) 
then 
global$drive$no=drive$no+l; 
enable; 


calloutput$controls$to$dma(docb$ptr); 
if error$in 
output$command$to$fdc(docb$ptr) 
then 
do; 
calloperation$clean$up(drive$no,command$code); 
status=stat$command$error; 
return; 
end; 


/* return 
immediately 
if the command 
has 
no result 
phase 
or completion 
interrupt 
- specify 
*/ 


if no$result(command$code) 


then 
do; 
call 
operation$clean$up(drive$no,command$code); 
status=stat$ok; 
return; 


end; 


if immed$result(command$code) 
then 
do; 
if error$in 
input$result$from$fdc(docb$ptr) 
then 
do; 
calloperation$clean$up(drive$no,command$code); 
status=stat$result$error; 
return; 
end; 
end; 
else do; 
wait$for$op$complete; 
if docb.misc 
= error 
then do; 
status=stat$result$error; 
return; 
elld; 
end; 


if 
no$fdc$error 
then 
status=stat$ok; 
else 
status=stat$error; 


/**** 
copy 
disk 
command 
results 
from 
the 
interrupt 
control 
block 
to the 
currently 
active 
disk 
operation 
control 
block 
if 
a disk 
operation 
is 


in progress. 
****/ 


copy$int$result: 
procedure(drv); 
declare 
dry byte; 
declare 


i 
byte, 
docb$ptr 
pointer, 
docb 
based 
docb$ptr 
structure 
docb$type; 


if operation$in$progress(drv) 


then do; 
docb$ptr=operation$docb$ptr(drv); 
do 
i=l to 6; docb.disk$result(ij=interrupt$docb.disk$result(i); 
end; 


docb.misc=ok; 
operation$in$progress(drv)=false; 
operation$complete(drv)=true; 
end; 


/**** 
interrupt 
processing 
for 8272 
fde drivers. 
Basically, 
two types 
of 
interrupts 
are generated 
by 
the 8272: 
(a)when the execution 
phase 
of 
an operation 
has 
been completed, 
an 
interrupt 
is generated 
to signal 
the beginning 
of 
the result 
phase 
(the fdc busy 
flag 
is set 
when 
this 
interrupt 
is received), 
and 
(b) when 
an overlapped 
operation 


is completed 
or an unexpected 
interrupt 
is received 
(the fde bUSy 
flag 
is not set when 
this 
interrupt 
is received). 


1. An overlapped 
option 
(recalibrate 
or seek) 
has been 
completed. 
The 
result 
data 
is read 
from 
the 8272 and placed 
in the currently 
active 


disk 
operation 
control 
block. 
2. An abnormal 
termination 
of an operation 
has occurred. 
The 
result 
data 
is read and placed 
in the currently 
active 
disk 
operation 
control 
block. 
3. The 
execution 
of an invalid 
command 
has been 
attempted. 
This 
signals 
the successful 
completion 
of all 
interrupt 
processing. 
4. The 
ready 
status 
of a drive 
has changed. 
The 
"drive$ready" 
and 
"drive$ready$status" 
change 
tables 
are updated. 
If an operation 
is currently 
in progress 
on the affected 
drive, 
the 
result 
data 
is placed 
in the currently 
active 
disk 
operation 
control 
block. 


After 
an interrupt 
is processed, 
additional 
sense 
interrupt 
status 
commands 
must 
be issued 
and processed 
until 
an 
invalid 
command 
result 
is returned 
from 
the fdc. 
This 
action 
guarantees 
that all 
"hidden" 
interrupts 
are 
serviced. 
****/ 


211 


213 


215 
4 


216 
4 


218 
4 
219 
4 


220 
4 
221 
4 
222 
4 


223 
3 


224 
2 
225 
3 
226 
3 


227 
4 
229 
4 


231 


232 
5 
233 
6 
234 
6 
235 
6 


236 
5 
237 
6 


238 
6 
239 
6 


240 


241 
5 
242 
6 
243 
6 


244 
6 


245 
6 


247 
6 
248 
6 


249 
5 
250 
4 
251 
3 


252 
2 


253 
2 


254 
1 


fdcint: 
procedure 
pUblic 
interrupt 
fdc$int$leve1: 
declare 
invalid 
byte, 
drive$no 
byte, 
docQ$ptr 
pointer, 
docb 
based 
docb$ptr 
structure 
docb$type: 


declare 


jO 
interrupt 
ocw2 
nseai 


port 
definitions 
OJ 


literally 
'70H', 
1itera11y'sh1(1,5)': 


declare 


/* miscellaneous 
flags 
*/ 


resu1t$code 
literally 
'shrlinterrupt$do;b.disk$resu1t(0) 
and resu1t$error$mask,6)', 


resu1t$drive$ready 
literally 
'l(interrupt$docb.disk$resu1tI0) 
and resu1t$ready$mask) 
= 0)', 


extract$resu1t$drive$no 
literally 
'linterrupt$docb.disk$resu1t(0) 
and 
resu1t$drive$mask)', 


end$of$interrupt 
literally 
'output(ocw2)=nseoi': 


/* 
if 
the 
fde 
is 
busy 
when 
an 
interrupt 
is 
received, 
then 
the 
result 
phase 
of 
the 
previous 
non-overlapped 
operation 
has 
begun 
*/ 


if fdc$busy 
then 
do; 


/* 
process 
interrupt 
if 
operation 
in 
progress 
*/ 


if globa1$drive$no 
<> 
0 
then 
do; 


docb$ptr=operation$docb$ptrlg1oba1$drive$no-1): 
if error$in 
input$resu1t$from$fdc(docb$ptr) 
then 
docb.misc=error: 
else 
docb.misc=ok; 
operation$in$progress(globa1$drive$no-1)=fa1se: 
operation$comp1ete(globa1$drive$no-1)=true: 
globa1$drive$no=0: 
end: 
end; 


/* 
if 
the 
fde 
is 
not 
bUSy, 
then 
either 
an 
overlapped 
operation 
has 
been 


completed 
or 
an 
unexpected 
interrupt 
has 
occurred 
(e.g., 
drive 
status 


change) 
OJ 


else 
do; 
invalid=false: 
do 
while 
not 
invalid; 


/* 
perform 
a 
sense 
interrupt 
status 
operation 
- if 
errors 
are 
detected, 
in 
the 
actual 
fde 
interface, 
interrupt 
processing 
is 
discontinued 
*/ 


if error$in 
output$byte$to$fdc(sense$int$status) 
then 
go to ignore: 


if error$in 
input$resu1t$from$fdc(@interrupt$docb) 
then go to ignore: 


do 
case 
result$code; 


/* 
case 
0 
- 
operation 
complete 
*/ 


do: 
drive$no=extract$result$drive$no; 
call 
copy$int$resu1tldrive$no): 


end; 


do; 


drive$no=extract$result$drive$no; 
call 
copy$int$resu1tldrive$no): 
end; 


/* 
case 
3 
- 
drive 
ready 
change 
*/ 


do; 
drive$no=extract$result$drive$no; 
call 
copy$int$resu1t(drive$no): 
drive$status$change(drive$no)=true; 
if resu1t$drive$ready 
then 
drive$ready(drive$no)=true; 


else drive$readYldrive$no)=fa1se: 
end; 
end; 
end; 


end; 


CODE 
AREA 
SIZE 
CONSTANT 
AREA 
SIZE 
VARIABLE 
AREA 
SIZE 
• 
MAXIMUM 
STACK 
SIZE 
• 
564 
LINES 
READ 
o PROGRAM 
ERROR(S) 


OF 
PL/M-86 
COMPILATION 


0615H 
OOOOH 
0050H 
0032H 


15570 
00 
800 
SOD 


APPENDIX B 
8272 FDC EXERCISER PROGRAM 


ISIS-II 
PL;M-B6 
Vl.2 
COMPILATION 
OF MODULE 
RUN72 
OBJECT 
MODULE 
PLACED 
IN 
:Fl:run72.0BJ 
COMPILER 
INVOKED 
BY: 
plmB6 
:Fl:run72.pB6 
DEBUG 


$title 
('B272 floppy 
disk 
driver 
exercise 
program') 
$nointvector 
$optimize (2) 
$large 
run72: 
do; 


declare 
docb$type 
literally 
;* disk 
operation 
control 
block *; 


'(dma$op 
byte,dma$addr 
word,dma$addr$ext 
byte,dma$count 
word, 
disk$command(9) 
byte,disk$result(7) 
byte,misc 
byte)'; 


declare 
;* B272 
fdc commands *; 


fm 
mfm 
dma$mode 
non$dma$mode 
recalibrate$command 
specify$command 
read$command 
write$command 
format$command 
seek$command 


declare 
dma$verify 
dma$read 
dma$write 
dma$noop 


declare 


/* 
disk 
operation 
format$docb 
seek$docb 
recalibrate$docb 
specify$docb 
read$docb 
write$docb 


declare 
step$rate 
head$load$time 
head$unload$time 
filler$byte 
operation$status 
interleave 
format$gap 
read$write$gap 
index 
drive 
density 
multitrack 
sector 
cylinder 
head 
tracks$per$disk 
sectors$per$track 
bytes$per$sector$code 
bytes$per$sector 


declare 


/* 
read 
and 
write 
fmtblk(104) 
wrbuf (1024) 
rdbuf (1024) 


literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 


'0' , 
'1", 
.• 0'" , 


'" 1'" 
, 
'7', 
"'3"" 
, 


"'6'" 
, 


..• 5'" 
, 
'ODH', 
'OFH'; 


literally'O', 
literally 
'1', 
literally 
'2', 
literally 
'3'; 


control 
blocks *; 


structure 
docb$type, 
structure 
docb$type, 
structure 
docb$type, 
structure 
docb$type, 
structure 
docb$type, 
structure 
docb$type; 


byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
word; 


buffers *; 


byte 
pUblic, 
byte pUblic, 
byte 
pUblic; 


declare 


;* disk 
format 
initialization 
tables *; 


sec$trk$table(3) 
byte data(26,15,B), 
fmt$gap$table(B) 
byte data(lBH,2AH,3AH,0,0,36H,54H,74H), 
rd$wr$gap$table(B) 
byte data(07H,OEH,lBH,0,0,OEH,lBH,35H); 


declare 


/* external 
pointer 
rdbptr (2) 
wrbptr (2) 
fbptr (2) 
intptr (2) 
intvec(80H) 


tables 
and 
interrupt 
vector 
*/ 
word 
external, 
word 
external, 
word 
external, 
word 
external, 
word 
external; 


execute$docb: 
procedure (docb$ptr ,status$ptr) 
external; 
declare 
docb$ptr 
pointer, 
status$ptr 
pointer; 
end execute$docb; 


specify$docb.dma$op=dma$noop; 
specify$docb.disk$command 
(0)=specify$command; 
specifY$docb.disk$command(l)=shl«not 
srt)+1,4) 
or 
shr(hut,4); 
specify$docb.disk$command(2)=(hlt 
and 
OFEH) or 
(nd and 
1); 
call 
execute$docb(@specify$docb,@operation$status); 


/**** 
recalibrate 
disk 
drive 
8272 
automatically 
steps 
out 
until 
the 
track 
0 signal 
is 
activated 
by 
the 
disk 
drive. 
****/ 


recalibrate$docb.dma$op=dma$noop; 
recalibrate$docb.disk$command 
(0)=recalibrate$command; 
recalibrate$docb.disk$command(l)=drv; 
call 
execute$docb(@recalibrate$docb,@operation$status); 


seek$docb.dma$op=dma$noop; 
seek$docb.disk$command(O)=seek$command; 
seek$docb.disk$command(l)=drvor 
shl(hd,2); 
seek$docb.disk$command(2)=cyl; 
call 
execute$docb(@seek$docb,@operation$status); 


/**** 
format 
a complete 
side 
("head") 
of 
a 
single 
floppy 
disk 
in 
drive 
"drv". 
The 
density, 
(single 
or 
double) 
is 
specified 
by 
flag 
"dens". 
****1 


format: 
procedure(drv,dens,intlve); 


;* 
format 
disk 
*; 


declare 
(drv,dens,intlve) 
byte: 
declare 
physical$sector 
byte; 


call 
recalibrate(drv): 
do cylinder=O 
to tracks$per$disk-l; 


1* set 
sector 
numbers 
in 
format 
block 
to 
zero 
before 
computing 
interleave 
*/ 


do physical$sector=l 
to sectors$per$track; 
fmtblk«physical$sector-l) 
*4+2)-0; 
end; 


1* 
physical 
sector 
1 equals 
logical 
sector 
1 *1 


physical$sector=l; 


1* 
assign 
interleaved 
sectors 
*1 


do 
sector=l 
to sectors$per$track; 
index=(physical$sector-l) 
*4; 


49 
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/* 
set 
cylinder, 
head, 
sector, 
and 
size 
code 
for 
current 
sector 
into 
table 
*/ 


fmtblk(index)=cylinder, 
fmtblk(index+l)ahead, 
fmtblk (index+2) =sector; 
fmtblk(index+3)=bytes$per$sector$code; 


/. update 
physical 
sector 
number 
by 
interleave 
./ 


physical$sector=physical$sector+intlve, 
if physical$sector 
> 
sectors$per$track 
then physical$sector=physical$sector-sectors$per$track; 
end; 


/. set up format 
control 
block 
./ 


format$docb.dma$op=dma$write, 
format$docb.dma$addr=fbptr(O)+shl(fbptr(l) 
,4), 
format$docb.dma$addr$ext=O; 
format$docb.dma$count=sectors$per$track·4-l, 
format$docb.disk$command(O)=format$command 
or 
shl(dens,6), 
format$docb.disk$command(l)=drv 
or shl(head,2), 
format$docb.disk$command(2)=bytes$per$sector$code, 
format$docb.disk$command(3)=sectors$per$track, 
format$docb.disk$command(4)=format$gap, 
format$docb.disk$command(5)=filler$byte, 
call 
execute$docb(@format$docb,@operation$status), 


end: 


/***. 
write 
sector 
"secK 
on 
drive 
"drY" 
at 
head 
"hdft and 
cylinder 
"ey1". 
The 


disk 
recording 
density 
is 
specified 
by 
the 
"dens" 
flag. 
Data 
is 
expected 
to 
be 
in the global 
write 
buffer 
("wrbuf"). 
••••/ 


write$docb.dma$op=dma$write; 
write$docb.dma$addrawrbptr(O)+shl(wrbptr(l) 
,4); 
write$docb.dma$addr$ext=O, 
write$docb.dma$count=bytes$per$sector-l; 
write$docb.disk$command(O)=write$command 
or 
shl(dens,6) 
or 
shl(multitrack,7), 
write$docb.disk$command(l)=drvor 
shl(hd,2), 
write$docb.disk$command(2)=cyl, 
write$docb.disk$command(3)=hd, 
write$docb.disk$command(4)=sec, 
write$docb.disk$command 
(5)=bytes$per$sector$code; 
write$docb.disk$command 
(6)=sectors$per$track, 


write$docb.disk$command(7)=read$write$gap, 
if bytes$per$sector$code 
= 0 
then write$docb.disk$command(8)=bytes$per$sector, 
else write$docb.disk$command(8)=OFFH; 
call 
execute$docb(@write$docb,@operation$status), 


/ •••• 
read 
sector 
"secK 
on 
drive 
"dry" 
at 
head 
"hdft and 
cylinder 
"eyl". 
The 
disk 
recording 
density 
is 
defined 
by 
the 
"dens" 
flag. 
Data 
is 
read 
into 


the global 
read 
buffer 
("rdbuf"). 
••••/ 


read$docb.dma$op=dma$read, 
read$docb.dma$addr=rdbptr(O)+shl(rdbptr(l) 
,4), 


read$docb.dma$addr$ext=O; 
read$docb.dma$count=bytes$per$sector-l, 
read$docb.disk$command(O)aread$command 
or shl(dens,6) 
or shl(multitrack,7) 
, 


read$docb.disk$command(l)=drvor 
shl(hd,2), 
read$docb.disk$command(2)=cyl, 
read$docb.disk$command(3)=hd; 
read$docb.disk$command(4)=sec; 
read$docb.disk$command 
(5)=bytes$per$sector$code, 
read$docb.disk$command(6)=sectors$per$track, 
read$docb.disk$command(7)=read$write$gap, 


116 
2 
117 
2 


118 
2 


119 
2 
120 
2 


121 
2 
122 
2 
123 
2 


124 
2 
12S 
2 
126 
2 
127 
2 


128 
2 
129 
2 
130 
2 
131 
2 
132 
2 


133 
2 


134 
2 
13S 
2 
136 
2 


if bytes$per$sector$code 
= 0 
then 
read$docb.disk$command 
(8)=bytes$per$sector 
I 


else 
read$docb.disk$command(8)=OFFHl 
call 
execute$docb(@read$docb,@operation$status)l 


initialize$system: 
procedure; 
declare 


1* 1/0 ports *1 
dma$disk$addr$port 
dma$disk$word$count$port 
dma$command$port 
dma$mode$port 
dma$mask$sr$port 
dma$clear$ff$port 
dma$master$clear$port 
dma$mask$port 
dma$cl$addr$port 
dma$cl$word$count$port 
dma$c2$addr$port 
dma$c2$word$count$port 
dma$c3$addr$port 
dma$c3$word$count$port 
icwl 
icw2 
icw4 
oew! 
ocw2 
oew3 


literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 
literally 


'OOH', 
, 01R' , 
'08H', 
, OSH' , 
'OAR" 
, 


'OCH', 
, ODH' , 
'OFH', 
'02H', 
'03H', 
'04H', 
,OSH' , 
'06H', 
'07H', 
'70H', 
'71H' , 
'71H' , 
'71R' 
, 
'70H', 
'70H'1 


declare 


/* mise 
masks 
and 
literals 
*/ 


dma$extended$write 
literally'shl(l,S)', 
dma$single$transfer 
literally'shl(1,6)', 
dma$disk$mode 
literally 
'40H', 
dma$cl$mode 
literally'41H', 
dma$c2$mode 
literally'42H', 
dma$c3$mode 
literally'43H', 


mode$8088 
literally'l', 
interrupt$base 
literally;20H", 
single$controller 
literally'shl(l,l)', 


level$sensitive 
literally'shl(1,3)', 
control$word$4$required 
literally'l', 
base$icwl 
literally'lOH', 
mask$all 
literally'OFFH', 
disk$interrupt$mask 
literally 
'1', 


1* current 
address 
port *1 


1* word 
count 
port *1 
1* command 
port *1 
1* mode 
port *1 
1* mask 
set/reset 
port *1 


1* clear 
first/last 
flip-flop 
1* dma master 
clear 
port *1 
1* parallel 
mask 
set port*1 


/* 
set 
all 
addresses 
to 
zero 
*/ 


output (dma$clear$ff$port) =0, 
output (dma$disk$addr$port) =0, 
output (dma$disk$addr$port) =0, 
output (dma$cl$addr$port) =0, 
output (dma$cl$addr$port) =01 
output (dma$c2$addr$port) =0; 
output (dma$c2$addr$port) =0, 
output (dma$c3$addr$port) =0, 
output (dma$c3$addr$port) =0; 


1* set 
all 
word 
counts 
to 
valid 
values 
*/ 
output(dma$clear$ff$port'=OI 
output (dma$disk$word$count$port) 
=1, 
output (dma$disk$word$count$port) 
=1; 
output (dma$cl$word$count$port) 
=1 


output (dma$cl$word$count$port) 
=1 


output (dma$c2$word$count$port) 
=1 


output (dma$c2$word$count$port) 
=1 


output (dma$c3$word$count$port'=1 
output (dma$c3$word$count$port, 
=1 
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/* 
initialize 
all 
dma 
channel 
modes 
*/ 


output (dma$mode$port) =dma$disk$model 
output (dma$mode$port) =dma$cl$model 
output (dma$mode$port)=dma$c2$model 
output (dma$mode$port) =dma$c3$mode; 


/* 
initialize 
8259A 
interrupt 
controller 
*/ 


output(icwll=single$controller 
or 
level$sensitive 
output (icw2)=interrupt$base; 
output (icw4)=mode$8088; 
. 


output (ocwl)=not 
disk$interrupt$maskl 


/* 
initialize 
interrupt 
vector 
for 
fde 
*/ 


intvec (40H)=intptr (0); 
intvec(41H)=intptr(1); 


declare 
drive$ready(4) 
byte 
ext~[nal; 


/* 
disable 
until 
interrupt 
vector 
setup 
and 
initialization 
complete 
*/ 


disable; 


/* set 
initial 
floppy 
disk 
parameters 
*/ 


density=mfm; 
head=OI 
multitrack=O; 
filler$byte=55H; 
tracks$per$disk=77; 
bytes$per$sector=10241 
interleave=6; 
step$rate=ll; 
head$load$time=40; 
head$unload$time=2401 


/* double-density 
*/ 
/* single 
sided 
*/ 
/* no 
multitrack 
operation 
*/ 
/* for 
format 
*/ 
. /* 
normal 
floppy 
disk 
drive */ 


./* 1024 bytes 
in each 
sector 
*/ 
/* set 
track 
interleave 
factor 
*/ 
/* 10ms 
for SA800 
plus 
1 for uncertainty 
*/ 
/* 40ms head 
load 
for SA800 
*/ 
/* keep head 
loaded 
as long as possible 
*/ 


/* 
derive 
dependent 
parameters 
from 
those 
above 
*/ 


bytes$per$sector$code=shr(bytes$per$sector.7)I 
do 
index=O 
to 31 
if 
(bytes$per$sector$code 
and 
1) c> 0 
then do; 
bytes$per$sector$code=indexi 
go 
to donebc: 
end; 


else 
bytes$per$sector$code=shr(bytes$per$sector$code,l); 
end; 


donebc: 
sectors$per$track=sec$trk$table(bytes$per$sector$code-density); 
format$gap=fmt$gap$table(shl(density,2)+bytes$per$sector$code); 
read$write$gap=rd$wr$gap$table(shl(density,2)+bytes$per$sector$code); 


/* 
initialize 
system 
and 
drivers 
*/ 


call 
initialize$systemi 
call 
initialize$drivers; 


/* reenable 
interrupts 
and 
give 
8272 
a chance 
to 
report 
on 
drive 
'status 
before 
proceeding 
*/ 


enable; 
call 
time (10)I 


/* wait 
until 
drive 
ready 
*/ 


do while 
1; 


if drive$ready(drive) 
then 
go 
to 
start; 
end: 
. 


start: 
call 
format(drive,density,interleave): 


do 
while 
1: 


do cylinder=O 
to tracks$per$disk-l; 


callseek(drive,cylinder,head); 
do 
sector=l 
to 
sectors$per$track; 


/* check 
read buffer 
against 
write 
buffer 
*/ 


if cmpw(@wrbuf,@rdbuf,shr(bytes$per$sector,l» 
<> 
OFFFFH 
then halt, 
end: 
end; 
end: 
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8251 Design Hints 


INTRODUCTION 


The 
Intel 
8251 
is a Universal 
Synchronous/Asyn- 


chronous 
Receiver/Transmitter 
(USART) 
which 
is 


capable 
of operating 
with 
a wide variety 
of serial 


communication 
formats. 
Since 
many 
peripheral 


devices are available with serial interfaces, 
the 8251 


can 
be used 
to 
interface 
a microcomputer 
to 
a 


broad 
spectrum 
of peripherals, 
as well as to a serial 


communications 
channel. 
The 
8251 
is part 
of the 


MCS-80™ 
Microprocessor 
Family, 
and as such it is 


capable 
of interfacing 
to the 
8080 
system 
with a 


minimum 
of external 
hardware. 


This application 
note 
describes 
the 8251 as a com- 


ponent 
and then 
explains 
its use in sample applica- 


tions 
via several 
examples. 
A specific 
use of the 


8251 
to 
facilitate 
communication 
between 
two 


MCS-80 
systems 
is discussed 
in detail 
from 
both 


the 
hardware 
and 
software 
viewpoints. 
The 
first 


two 
sections 
of this 
application 
note 
describe 
the 


8251 
first 
from 
a functional 
standpoint 
and then 


on a detailed 
level. The function 
of each input 
and 


output 
pin is fully 
defined. 
The 
next 
section 
de- 


scribes 
the various 
operating 
modes 
and how they 
can be selected, 
and finally, 
a sample 
design is dis- 


cussed 
using 
the 
8251 
as a data link between 
the 


MCS-80 systems. 


Serial 
communications, 
either 
on 
a data 
link 
or 


with a local peripheral, 
occurs 
in one of two basic 
formats; 
asynchronous 
or synchronous. 
These 
for- 


mats 
are similar 
in that 
they 
both 
require 
framing 


information 
to 
be 
added 
to 
the 
data 
to 
enable 


proper 
detection 
of the 
character 
at the receiving 


end. 
The 
major 
difference 
between 
the 
two 
for- 


mats 
is 
that 
the 
asynchronous 
format 
requires 


framing 
information 
to be added to each character, 
while 
the synchronous 
format 
adds framing 
infor- 
mation 
to blocks 
of data, 
or messages. 
Since 
the 


synchronous 
format 
is 
more 
efficient 
than 
the 


asynchronous 
format 
but 
requires 
more 
complex 


decoding, 
it is typically 
found 
on high-speed 
data 


links, 
while 
the 
asynchronous 
format 
is used 
on 


lower speed lines. 


The asynchronous 
format 
starts with the basic data 


bits to be transmitted 
and adds a "START" 
bit to 


the 
front 
of them 
and 
one 
or more 
"STOP" 
bits 


behind 
them 
as they 
are transmitted. 
The START 


bit 
is a logical 
zero, 
or SPACE, 
and is defined 
as 


the 
positive 
voltage 
level by RS-232-e. 
The STOP 


bit is a logical one, or MARK, and is defined 
as the 


negative 
voltage 
level by RS-232-C. 
In current 
loop 


applications 
current 
flow 
normally 
indicates 
a 


MARK 
and lack of current 
a SPACE. 
The START 


bit tells the receiver 
to start assembling 
a character 


and 
allows 
the 
receiver 
to synchronize 
itself with 


the 
transmitter. 
Since 
this 
synchronization 
only 


has to last for the 
duration 
of the character 
(the 


next 
character 
will contain 
a new START bit), this 


method 
works 
quite 
well 
assuming 
a properly 


designed 
receiver. 
One 
or 
more 
STOP 
bits 
are 


added 
to the 
end 
of the 
character 
to ensure 
that 


the 
START 
bit 
of the next 
character 
will cause a 


transition 
on the 
communication 
line and to give 


the receiver 
time to "catch 
up" 
with the transmit- 


ter if its basic clock happens 
to be running 
slightly 


slower than that of the transmitter. 
If, on the other 


hand, 
the 
receiver 
clock 
happens 
to 
be 
running 


slightly 
faster 
than 
the 
transmitter 
clock, 
the 
re- 


ceiver 
will perceive 
gaps 
between 
characters 
but 


will still correctly 
decode 
the data. Because of this 


tolerance 
to minor 
frequency 
deviations, 
it is not 


necessary 
that 
the 
transmitter 
and receiver 
clocks 


be locked 
to the identical 
frequency 
for successful 


asynchronous 
communication. 


The synchronous 
format, 
instead 
of adding 
bits to 


each 
character, 
groups 
characters 
into 
records 
and 


adds framing 
characters 
to the record. 
The framing 


characters 
are generally 
known 
as SYN characters 


and 
are used 
by the 
receiver 
to determine 
where 


the 
character 
boundaries 
are 
in a string 
of bits. 


Since 
synchronization 
must 
be held 
over 
a fairly 


long 
stream 
of data, 
bit 
synchronization 
is nor- 
mally 
either 
extracted 
from 
the 
communication 


channel 
by 
the 
modem 
or supplied 
from 
an ex- 


ternal 
source. 


An example 
of the synchronous 
and asynchronous 


formats 
is shown 
in Figure 
I. The 
synchronous 


format 
shown 
is fairly 
typical 
in that 
it requires 


two 
SYN 
characters 
at the 
start 
of the 
message. 


The 
asynchronous 
format, 
also typical, 
requires 
a 


START 
bit 
preceding 
each 
character 
and 
a single 


STOP 
bit 
following 
it. 
In both 
cases, 
two 
8-bit 


characters 
are to be transmitted. 
In the asynchro- 


nous 
mode 
IO*n bits are used to transmit 
n charac- 
ters and in the synchronous 
mode 8N + 16 bits are 


used. 
For 
the 
example 
shown 
the 
asynchronous 


mode 
is 
actually 
more 
efficient, 
using 
20 
bits 


versus 32. To transmit 
a thousand 
characters 
in the 


asynchronous 
mode, 
however, 
takes 
10,000 
bits 


versus 
8,016 
for 
the 
synchronous 
format 
mode. 


For 
long 
messages 
the 
synchronous 
format 
be- 


comes 
much 
more efficient 
than the asynchronous 


format; 
the 
crossover 
point 
for 
the 
examples 


shown 
in Figure 
I is eight 
characters, 
for which 


both 
formats 
require 
80 bits. 


In addition 
to the differences 
in format 
between 


synchronous 
and 
asynchronous 
communication, 


there 
are differences 
with 
regards 
to the 
type 
of 


modems 
that 
can be used. Asynchronous 
modems 


typically 
employ 
FSK 
(Frequency 
Shift 
Keying) 


techniques 
which 
simply 
generate 
one audio 
tone 


for a MARK and another 
for a SPACE. The receiv- 


ing modem 
detects 
these 
tones 
on the 
telephone 


: I 
I I I 
I I I 


---"I 
!\ 
STOP BIT 
--- 
_ 


DATA 
DATA 


START BIT 
STOP BIT 


line, 
converts 
them 
to logical signals, and presents 


them 
to the 
receiving 
terminal. 
Since the modem 


itself is not concerned 
with the transmission 
speed, 
it can handle 
baud rates from zero to its maximum 


speed. 
Synchronous 
modems, 
in contrast 
to asyn- 


chronous 
modems, 
supply 
timing 
information 
to 


the 
terminal 
and 
require 
data 
to be presented 
to 


them 
in synchronism 
with this timing information. 


Synchronous 
modems, 
because 
of this extra clock- 


ing, are only 
capable 
of operating 
at certain 
preset 


baud 
rates. 
The 
receiving 
modem, 
which 
has an 


oscillator 
running 
at 
the 
same 
frequency 
as the 
transmitting 
modem, 
phase locks its clock 
to that 


of the transmitter 
and interprets 
changes 
of phase 
as data. 


In some cases it is desirable 
to operate 
in a hybrid 


mode 
which 
involves 
transmitting 
data 
with 
the 
asynchronous 
format 
using a synchronous 
modem. 


This occurs 
when 
an increase 
in operating 
speed is 


required 
without 
a change 
in the basic protocol 
of 


the 
system. 
This 
hybrid 
technique 
is known 
as 


isosynchronous 
and involves 
the generation 
of the 


start 
and 
stop 
bits 
associated 
with 
the 
asynchro- 


nous 
format, 
while still using the modem 
clock for 


bit synchronization. 


The 
8251 
USART 
has been 
designed 
to meet 
a 
broad 
spectrum 
of 
requirements 
in the synchro- 


nous, 
asynchronous, 
and isosynchronous 
modes. 
In 


the synchronous 
mode 
the 
8251 
operates 
with 
5, 
6, 7, or 8-bit characters. 
Even or odd parity 
can be 
optionally 
appended 
and checked. 
Synchronization 


can be achieved 
either 
externally 
via added 
ha,rd- 


ware 
or 
internally 
via SYN 
character 
detection. 
SYN detection 
can be based on one or two charac- 


ters which 
mayor 
may not be the same. The single 
or 
double 
SYN 
characters 
are 
inserted 
into 
the 
data 
stream 
automatically 
if the software 
fails to 


supply 
data 
in time. 
The automatic 
generation 
of 


SYN characters 
is required 
to prevent 
the loss of 


synchronization. 
In 
the 
asynchronous 
mode 
the 
8251 
operates 
with 
the same data and parity struc- 


tures 
as it does in the synchronous 
mode. 
In addi- 


tion 
to appending 
a START 
bit 
to this 
data, 
the 


8251 
appends 
I, 1V2, or 2 STOP bits. Proper 
fram- 


ing is checked 
by the receiver 
and a status 
flag set 


if an error 
occurs. 
In the asynchronous 
mode 
the 


USART 
can be programmed 
to accept 
clock 
rates 


of 
16 or 64 times 
the required 
baud 
rate. 
Isosyn- 


chronous 
operation 
is a special 
case of asynchro- 
nous 
with 
the 
multiplier 
rate 
programmed 
as one 


instead 
of 16 or 64: Note that 
X I operation 
is only 


valid if the 
clocks 
of the receiver 
and transmitter 


are synchronized. 


The 
8251 
USART 
can transmit 
the three 
formats 


in half or full duplex 
mode 
and is double-buffered 


internally 
(i.e., the software 
has a complete 
charac- 


ter time to respond 
to a service request). 
Although 


the 
8251 
supports 
basic 
data 
set 
control 
signals 
(e.g., DTR and RTS), 
it does not fully support 
the 
signaling 
described 
in EIA-RS-232-C. 
Examples 
of 


unsupported 
signals 
are Carrier 
Detect 
(CF), 
Ring 


Indicator 
(CE), 
and the secondary 
channel 
signals. 


In some cases an additional 
port will be required 
to 


implement 
these 
signals. 
The 
8251 
also does 
not 


interface 
to 
the 
voltage 
levels 
required 
by 
EIA- 


RS-232-C; 
drivers 
and 
receivers 
must 
be added 
to 


accomplish 
this interface. 


BLOCK DIAGRAM 


A block 
diagram 
of the 8251 is shown 
in Figure 2. 


As can be seen in the figure, 
the 8251 
consists 
of 


five major 
sections 
which 
communicate 
with 
each 


other 
on an internal 
data bus. The five sections 
are 


the 
receiver, 
transmitter, 
modem 
control, 
read/ 


write 
control, 
and I/O Buffer. 
In order to facilitate 


discussion, 
the I/O Buffer 
has been shown 
broken 


down 
into 
its three 
major 
subsections: 
the status 


buffer, 
the transmit 
data/command 
buffer, 
and the 


receive data buffer. 


Receiver 


The receiver accepts 
serial data on the RxD pin and 
converts 
it to parallel 
data according 
to the appro- 


priate 
format. 
When 
the 
8251 
is in the asynchro- 


nous 
mode 
and 
it is ready 
to accept 
a character 


RESET_ 


CLK_ 
C/O_ 
RD_ 
WA_ 
CS- 


REAOIWRITE 


CONTROL 
LOGIC 


TllROY 


Tx' 


TxC 


RllRDY 


SYNDET 


RxC 


(i.e., 
it is not in the process 
of receiving 
a charac- 


ter), it looks 
for a low level on the RxD line. When 


it sees the low level, it assumes 
that 
it is a START 


bit 
and 
enables 
an internal 
counter. 
At a count 


equivalent 
to one-half 
of a bit time, the RxD line is 


sampled 
again. 
If 
the 
line 
is still 
low, 
a valid 


START 
bit 
has 
probably 
been 
received 
and 
the 
825 I proceeds 
to 
assemble 
the 
character. 
If the 
RxD 
line is high when 
it is sampled, 
then 
either 
a 
noise pulse has occurred 
on the line or the receiver 


has become 
enabled 
in the middle 
of the transmis- 


sion 
of 
a 
character. 
In 
either 
case 
the 
receiver 


aborts 
its operation 
and prepares 
itself to accept 
a 
new 
character. 
After 
the successful 
reception 
of a 
START 
bit the 8251 clocks in the data, parity, 
and 


STOP 
bits, 
and 
then 
transfers 
the 
data 
on 
the 
internal 
data bus to the receive data register. 
When 


operating 
with 
less than 
8 bits, the characters 
are 


right-justified. 
The 
RxRDY 
signal 
is asserted 
to 
indicate 
that a character 
is available. 


In 
the 
synchronous 
mode 
the 
receiver 
simply 
clocks 
in the 
specified 
number 
of 
data 
bits 
and 


transfers 
them 
to 
the 
receiver 
buffer 
register, 
setting 
RxRDY. 
Since 
the 
receiver 
blindly 
groups 


data bits into 
characters, 
there 
must be a means of 


synchronizing 
the 
receiver 
to 
the 
transmitter 
so 


that 
the 
proper 
character 
boundaries 
are 
main- 


tained ·in the serial data stream. 
This synchroniza- 


tion is achieved 
in the HUNT mode. 


In the HUNT 
mode 
the 825 I shifts 
in data on the 


RxD 
line one bit 
at a time. 
After 
each 
bit 
is re- 
ceived, the receiver 
register 
is compared 
to a regis- 


ter 
holding 
the 
SYN character 
(program 
loaded). 


If the two registers 
are not equal, the 825 I shifts in 


another 
bit and repeats 
the comparison. 
When the 


registers 
compare 
as 
equal, 
the 
825 I 
ends 
the 


HUNT 
mode 
and raises the SYNDET 
line to indi- 
cate 
that 
it has 
achieved 
synchronization. 
If the 


USART 
has been programmed 
to operate 
with two 


SYN characters 
the 
process 
is as described 
above, 
except 
that 
two 
contiguous 
characters 
from 
the 


line must 
compare 
to the two stored 
SYN charac- 
ters 
before 
synchronization 
is declared. 
Parity 
is 


not checked. 
If the USART 
has been programmed 


to accept 
external 
synchronization, 
the 
SYNDET 


pin is used as an input 
to synchronize 
the receiver. 


The timing 
necessary 
to do this is discussed 
in the 


SIGNALS 
section 
of this note. 
The USART 
enters 


the 
HUNT 
mode 
when 
it is initialized 
into 
the 
synchronous 
mode 
or when it is commanded 
to do 
so by the command 
instruction. 
Before the receiver 


is operated, 
it must be enabled 
by the RxE bit (D2) 


of the command 
instructions. 
If this bit is not set 


the receiver will not assert the RxRDY 
bit. 


Transmitter 


The 
transmitter 
accepts 
parallel 
data 
from 
the 


processor, 
adds 
the 
appropriate 
framing 
informa- 


tion, 
serializes 
it, and transmits 
it on the TxD pin. 


In the 
asynchronous 
mode 
the transmitter 
always 


programmed, 
it also adds an optional 
even or odd 


parity 
bit, and either 
I, I Yz, or 2 STOP bits. In the 


synchronous 
mode no extra bits (other 
than parity, 
if enable) 
are generated 
by the transmitter 
unless 


the 
computer 
fails 
to 
send 
a character 
to 
the 


USART. 
If the USART 
is ready to transmit 
a char- 


acter 
and a new character 
has not been supplied 
by 


the 
computer, 
the 
USART 
will 
transmit 
a SYN 


character. 
This 
is 
necessary 
since 
synchronous 


communications, 
unlike 
asynchronous 
communica- 


tions, 
does 
not 
allow 
gaps between 
characters. 
If 
the 
USART 
is operating 
in the 
dual 
SYN mode, 
both 
SYN characters 
will be transmitted 
before 
the 


message 
can 
be 
resumed. 
The 
USART 
will not 


generate 
SYN characters 
until the software 
has sup- 


plied 
at least 
one 
character; 
i.e., 
the USART 
will 


fill 'holes' 
in the transmission 
but will not initiate 


transmission 
itself. 
The 
SYN characters 
which 
are 


to be transmitted 
by the USART 
are specified 
by 
the software 
during 
the initialization 
procedure. 
In 


either 
the 
synchronous 
or 
asynchronous 
modes, 
transmission 
is inhibited 
until 
TxEnable 
and 
the 


CTS input 
are asserted. 


An additional 
feature 
of the transmitter 
is the abil- 


ity to transmit 
a BREAK. 
A BREAK is a period 
of 


continuous 
SPACE on the communication 
line and 


is used 
in full duplex 
communication 
to interrupt 


the 
transmitting 
terminal. 
The 
8251 
USART 
will 


transmit 
a BREAK 
condition 
as 
long 
as bit 
3 


(SBRK) 
of the command 
register is set. 


Modem 
Control 


The modem 
control 
section 
provides 
for the gener- 


ation 
of RTS 
and 
the 
reception 
of CTS. In addi- 


tion, 
a general 
purpose 
output 
and a general 
pur- 


pose 
input 
are 
provided. 
The 
output 
is labeled 
DTR 
and 
the 
input 
is labeled 
DSR. 
DTR 
can be 


asserted 
by setting 
bit 2 of the command 
instruc- 


tion; 
DSR 
can 
be sensed 
as bit 
7 of 
the status 


register. 
Although 
the 
USART 
itself 
attaches 
no 


special 
significance 
to 
these 
signals, 
DTR 
(Data 


Terminal 
Ready) 
is 
normally 
assigned 
to 
the 


modem, 
indicating 
that 
the 
terminal 
is ready 
to 


communicate 
and DSR (Data Set Ready) 
is a signal 


from 
the 
modem 
indicating 
that 
it is ready 
for 


communications. 


I/O Control 


The 
ReadiWrite 
Control 
Logic 
decodes 
control 


signals on the' 8080 
control 
bus into 
signals which 


gate data on and off the USART's 
internal 
bus and 


controls 
the 
external 
I/O 
bus 
(DBa-DB?). 
The 


truth 
table for these operations 
is as follows: 


If neither 
READ 
or 
WRITE 
is a zero, 
then 
the 


USART 
will not 
perform 
an I/O function. 
READ 


\.-t: 
l;/U 
Ht:AU 
WHITE 
Function 


a 
a 
a 
1 
CPU Reads Data from 
USART 
a 
1 
a 
1 
CPU Reads Status 
from 


USART 
a 
a 
1 
a 
CPU Writes Data to 
USART 


a 
1 
1 
a 
CPU Writes Command 
to 


USART 


1 
X 
X 
X 
USART Bus Floating 
(NO-OPl 


and 
WRITE 
being 
a zero 
at the 
same 
time 
is an 


illegal 
state 
with 
undefined 
results. 
The 
Read/ 


Write 
Control 
Logic 
contains 
synchronization 
cir- 
cuits 
so that 
the 
READ 
and 
WRITE 
pulses 
can 


occur 
at any time 
with respect 
to the clock inputs 


to the USART. 


The I/O 
buffer 
contains 
the 
STATUS 
buffer, 
the 


RECEIVE 
DATA 
buffer 
and 
the 
XMIT 
DATA/ 


CMD buffer 
as shown 
in Figure 
2. Note 
that 
al- 


though 
there 
are two registers 
which store data for 


transfer 
to 
the 
CPU 
(STATUS 
and 
RECEIVE 


DATA), 
there is only one register 
which stores data 


being 
transferred 
to 
the 
USART. 
The 
sharing 
of 


the input 
register 
for both 
transmit 
data 
and com- 
mands 
makes 
it 
important 
to 
ensure 
that 
the 


USART 
does 
not 
have data stored 
in this register 


before 
sending 
a 
command 
to 
the 
device. 
The 


TxRDY 
signal 
can. be monitored 
to 
accomplish 


this. 
Neither 
data 
nor commands 
should 
be trans- 


ferred 
to the USART 
if TxRDY 
is low. Failure 
to 


perform 
this 
check 
can 
result 
in erroneous 
data 


being transmitted. 


INTERFACE 
SIGNALS 


The 
interface 
signals 
of the 
8251 
USART 
can be 


broken 
down 
into 
two 
groups 
- 
a CPU-related 


group 
and a device-related 
group. 
The CPU-related 


signals 
have been designed 
to optimize 
the attach- 
ment 
of 
the 
8251 
to 
a MCS-80™ 
system. 
The 


device-related 
signals 
are 
intended 
to 
interface 
a 


modem 
or 
like 
device. 
Since 
many 
peripherals 


(TTY, 
CRT, 
etc.) 
can be obtained 
with a modem- 


like 
interface, 
the 
USART 
has 
a broad 
range 
of 


applications 
which 
do not include 
a modem. 
Note 


that 
although 
the USART 
provides 
a logical inter- 


face to an EIA-RS-232 
device, 
it does not provide 


EIA compatible 
drive, and this must 
be added 
via 


circuitry 
external 
to the 8251. 
As an example 
of a 


peripheral 
interface 
application 
and 
to 
aid 
in 


understanding 
the signal descriptions 
which follow, 


Figure 
3 shows 
a system 
configured 
to interface 


with a TTY or CRT. 
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CPU-Related 
Signals 


Vcc (26) 
I 


GND (4) 
I 


CLK (20) 
I 


DB7-DBO 
I/O 


(8,7,6,5,2,1, 
28,27) 


+5 Volt Supply 


+5 Volt Common 


The 
CLK input 
generates 
in- 
ternal 
device 
timing. 
No ex- 
ternal 
inputs 
or outputs 
are 
referenced 
to 
CLK, 
but 
the 
frequency 
of CLK 
must 
be 
greater 
than 
30 
times 
the 
Receiver 
or 
Transmitter 


clock inputs 
for synchronous 
mode 
or 4.5 times the clock 
inputs 
for 
an asynchronous 
mode. 
An 
additional 
con- 


straint 
is 
imposed 
by 
the 


electrical 
specifications 
(ref. 


Appendix 
B) 
which 
require 
the 
period 
of 
CLK 
be 
be- 
tween 
0.42 
J.lsec and 
1.35 
J.lsec. 
The 
CLK 
input 
can 
generally 
be connected 
to the 
Phase 2 (TTL) 
output 
of the 
8224 clock generator. 


A 
high 
on 
this 
input 
per- 
forms 
a master 
reset 
on the 
825 I. 
The 
device 
returns 
to 
the 
idle 
mode 
and 
will re- 
main 
there 
until 
reinitialized 
with 
the 
appropriate 
control 
words. 


The DB signals form 
a three- 
state 
bus 
which 
can be con- 
nected 
to the CPU data bus. 


Control, 
status, 
and data are 


transferred 
on this bus. Note 


that 
the CPU always 
remains 
in control 
of the bus and all 
transfers 
are 
initiated 
by it. 


Chip 
Select. 
A low 
on 
this 
input 
enables 
communica- 
tion 
between 
the 
USART 


and 
the 
CPU. 
Chip 
Select 
should 
go 
low 
when 
the 
USART is being addressed 
by 
the CPO. 


Control/Data. 
During 
a read 


operation 
this 
pin 
selects 
either 
status 
or data to be in- 
put to the CPU (high=status, 
low=data). 
During 
a 
write 


operation 
this pin causes the 


USART 
to interpret 
the data 
on the bus as a command 
if it 
is high or as data if it is low. 


A low 
on 
this 
input 
causes 
the 
USART 
to 
gate 
either 


status 
or data 
onto 
the data 


bus. 
A low 
on 
this 
input 
causes 


the 
USART 
to 
accept 
data 


on 
the 
data 
bus 
as either 
a 


command 
or as a data 
char- 


acter. 


Transmitter 
Ready. 
This out- 


put 
signals 
the CPU that 
the 


USART 
is ready 
to accept 
a 


data 
character 
or command. 


It can be used as an interrupt 
to the system 
or, for 
polled 


operation, 
the 
CPU 
can 


check 
TxRDY 
using 
the 
status 
read 
operation. 
Note, 


however, 
that 
while 
the 


TxRDY 
status 
bit will be as- 


serted 
whenever 
the 
XMIT 


DATA/CMD 
buffer 
is empty, 


the 
TxRDY 
output 
will be 


asserted 
only 
if the buffer 
is 
empty 
and the USART is en- 


abled 
to transmit 
(i.e., CTS is 


low 
and 
TxEN 
is 
high). 


TxRDY 
will 
be reset 
when 


the USART 
receives a charac- 


ter from the program. 
Transmitter 
Empty. 
A high 


output 
on this 
line indicates 


that 
the 
parallel 
to 
serial 


converter 
in 
the 
transmitter 


is empty. 
In 'the synchronous 


mode, 
if the 
CPU has failed 


to 
load 
a new 
character 
in 


time, 
TxE 
will go high 
mo- 
mentarily 
as SYN characters 
are 
loaded 
into 
the 
trans- 


mitter 
to fill the gap in trans- 


mission. 
Transmitter 
Ready. 
This out- 
put goes high to indicate 
that 


the 8251 has received 
a char- 
acter 
on its serial input 
and is 


ready 
to 
transfer 
it 
to 
the 


CPU. 
Although 
the 
receiver 


runs 
continuously, 
RxRDY 


will 
only 
be asserted 
if the 


RxE 
(Receive 
Enable) 
bit in 


the 
command 
register 
has 


been set. RxRDY 
can be con- 


nected 
to the interrupt 
struc- 


ture 
or, for polled operation, 


the CPU can check the condi- 
tion of RxRDY 
using a status 


read 
operation. 
RxRDY 
will 


be reset when the character 
is 


read by the CPU. 


SYNDET 
(16) 
I/O 
Synch Detect. This line is used 
in the synchronous 
mode only. 
It 
can 
be 
either 
an input 
or 
output, 
depending 
on whether 
the initialization 
program 
sets 
the USART 
for external 
or in- 
ternal 
synchronization. 
SYN- 


DET is reset to a zero by RE- 
SET. 
When 
in 
the 
internal 
synchronization 
mode, 
the 
USART 
uses 
SYNDET 
as an 
output 
to 
indicate 
that 
the 


device 
has 
detected 
the 
re- 
quired 
SYN 
character(s). 
A 
high 
output 
indicates 
sy'n- 


chronization 
has been 
achiev- 
ed. 
If 
the 
USART 
is 
pro- 
grammed 
to 
operate 
with 
double 
SYN characters, 
SYN- 
DET 
will go high 
in the mid- 
dle 
of 
the 
last 
bit 
of 
the 


second 
SYN 
character. 
SYN- 


DET 
will be reset 
by a status 
read 
operation. 
When 
in the 
external 
synchronization 
mode 


a positive-going 
input 
on the 
SYNDET 
line 
will 
cause 
the 


8251 
to 
start 
assembling 


characters 
on the 
next 
falling 


edge 
of RxC. 
The 
high input 
should 
be maintained 
at least 
for 
one 
RxC 
cycle 
following 
this edge. 


Device-Related 
Signals 


DTR (24) 
0 
Data Terminal Ready. This is a 
general 
purpose 
output 
signal 
which 
can be set low by pro- 


gramming 
a 'I' in command 
instruction 
bit 
I. This 
signal 
allows 
additional 
device 
con- 
trol. 


DSR (22) 
Data Set Ready. This is a gen- 
eral purpose 
input 
signal. The 
status 
of 
this 
signal 
can 
be 


tested 
by the 
CPU through 
a 
status 
read. 
This 
pin 
can 
be 
used 
to test 
device status 
and 
is read 
as bit 
7 of the 
status 
register. 


RTS (23) 
0 
Request to Send. This is a gen- 
eral 
purpose 
output 
signal 
equivalent 
to 
DTR. 
RTS 
is 
normally 
used 
to request 
that 
the 
modem 
prepare 
itself 
to 
transmit 
(Le., 
establish 
car- 
rier). 
RTS 
can 
be 
asserted 


(brought 
low) by setting 
bit 5 


in 
the 
command 
instruction. 
Clear to Send. A low on this 
input 
enables 
the 
USART 
to 


transmit 
data. CTS is normally 


generated 
by the modem 
in re- 


sponse to a RTS. 
Receiver 
Clock. 
This 
clock 
controls 
the data rate of char- 


acters 
to 
be 
received 
by 
the 


USART. 
In 
the 
synchronous 


mode 
RxC is equivalent 
to the 


baud 
rate, 
and 
is supplied 
by 


the 
modem. 
In asynchronous 


mode 
RxC 
is 
I, 
16, 
or 
64 


times the baud rate. The clock 
division 
is preselected 
by the 


mode 
control 
instruction. 


Data is sampled 
by the USART 


on 
the 
rising 
edge 
of 
RxC. 


Receiver Data. Characters 
are 


received 
serially 
on 
this 
pin 


and 
assembled 
into 
parallel 


characters. 
RxD 
is high 
true 


(Le., High = MARK 
or ONE). 


Transmitter Clock. This clock 
controls 
the 
rate 
at 
which 


characters 
are 
transmitted 
by 


the 
USART. 
The 
relationship 


between 
clock 
rate 
and 
baud 


rate 
is the 
same 
as for RxC. 


Data 
is 
shifted 
out 
of 
the 


USART 
on the falling edge of 


TxC. 


o 
Transmit Data. Parallel charac- 
ters sent by the CPU are trans- 
mitted 
serially 
by the USAR T 


on this 
line. TxD 
is high true 


(i.e., 
High = MARK or ONE). 


MODE SELECTION 


The 8251 USART is capable 
of operating 
in a num- 


ber of modes 
(e.g., synchronous 
or asynchronous). 


In order 
to keep 
the hardware 
as flexible 
as possi- 
ble (both 
at the chip and end product 
level), these 


operating 
modes 
are selected 
via a series of control 


outputs 
to the 
USART. 
These 
mode 
control 
out- 


puts 
must 
occur 
between 
the 
time the USART 
is 


reset 
and 
the 
time 
it is utilized 
for data 
transfer. 


Since the USART 
needs 
this information 
to struc- 


ture its internal 
logic it is essential 
to complete 
the 


initialization 
before 
any attempts 
are made at data 


transfer 
(including 
reading status). 


A flowchart 
of the initialization 
process 
appears 
in 


Figure 
4. The 
first 
operation 
which 
must 
occur 


following 
a reset is the loading of the mode 
control 


register. 
The mode control 
register is loaded 
by the 
first 
control 
output 
(C/D=l, 
RD=I, 
WR=O, CS=O) 
following 
a reset. 
The format 
of the mode control 
instruction 
is shown 
in Figure 
5. The 
instruction 


can 
be 
considered 
as four 
2-bit 
fields. 
The 
first 


2-bit field (Dl Do) determines 
whether 
the USART 


is to operate 
in the synchronous 
(00) or asynchro- 
nous 
mode. 
In the 
asynchronous 
mode 
this 
field 


also controls 
the clock scaling factor. 
As an exam- 


ple, if Dl and Do are both 
ones, the RxC and TxC 


will be divided 
by 64 to establish 
the baud 
rate. 


The second 
field, 
D3-D2, 
determines 
the number 
of data bits in the character 
and the third, 
Ds-D4, 


controls 
parity 
generation. 
Note that the parity 
bit 


(if enabled) 
is added 
to the 
data 
bits 
and 
is not 


considered 
as part 
of 
them 
when 
setting 
up the 


character 
length. 
As an example, 
standard 
ASCII 
transmission, 
which 
is seven 
data 
bits 
plus 
even 
parity, 
would be specified 
as: 


-~L 
BAUORATE 
FACTOR 
L 
OO-SYNMOOE 
01 
-ASVN 
Xl 
10 
.• ASYN X16 
11 -ASYNX64 


CHARACTER 
LENGTH 


00-S81TS 
01 -681T5 
10-7811S 
11 -8 BITS 


PARITY CONTROL 


X 0" 
NO PARLTY 
01 
.• 000 
PARITY 


1 1 .• EVEN PARITY 


FRAMING 
CONTAOL 


00 .• NOT VALID 
o 1 .• , SlOP 
BIT 
10" 
lY.rSTOP BITS 
11-2STOPBITS 


SYN CONTROL 


X 0 
INTERNAL SYN 
X, 
EXTERNAL 
SYN 
o X 
DOUBLE SYN CHAR 


1 X 
SINGLE SYN CHAR 


The last field, D7-D6, 
has two meanings, 
depend- 


ing on whether 
operation 
is to be in the synchro- 


nous or asynchronous 
mode. 
For the asynchronous 


mode 
(Le., Dl Do *' 00), it controls 
the number 
of 


STOP 
bits 
to 
be 
transmitted 
with 
the 
character. 


Since 
the 
receiver 
will 
always 
operate 
with 
only 


one 
STOP bit, 
D7 and 
D6 only 
control 
the trans- 
mitter. 
In the 
synchronous 
mode 
(D 1 Do = 00), 


this field controls 
the synchronizing 
process. 
Note 


that 
the choice 
of single or double 
SYN characters 


is independent 
of the choice of internal 
or external 
synchronization. 
This 
is because 
even though 
the 


receiver may operate 
with external 
synchronization 


logic, 
the 
transmitter 
must 
still know 
whether 
to 


send 
one 
or two 
SYN characters 
should 
the CPU 


fail to supply 
a character 
in time. 


Following 
the loading 
of the mode 
instruction 
the 


appropriate 
SYN character 
(or characters) 
must be 


loaded 
if synchronous 
mode 
has 
been 
specified. 


The SYN character(s) 
are loaded 
by the same con- 
trol 
output 
instruction 
used 
to load the mode 
in- 
struction. 
The USART 
determines 
from 
the mode 


instruction 
whether 
no, 
one, 
or two SYN charac- 
ters 
are 
required 
and 
uses the 
control 
output 
to 


load SYN characters 
until 
the required 
number 
are 


loaded. 


At completion 
of the 
load 
of SYN characters 
(or 


after 
the 
mode 
instruction 
in the 
asynchronous 


mode), 
a 
command 
character 
is issued 
to 
the 


USART. 
The 
command 
instruction 
controls 
the 


operation 
of the 
USART 
within 
the 
basic 
frame- 
work 
established 
by 
the 
mode 
instruction. 
The 


format 
of the 
command 
instruction 
is shown 
in 


Figure 
6. Note 
that 
if, as an example, 
the USART 


is waiting 
for a SYN character 
load and instead 
is 


issued an internal 
reset command, 
it will accept 
the 


command 
as a SYN character 
instead 
of resetting. 
This 
situation, 
which 
should 
only 
occur 
if two 


independent 
programs 
control 
the USART, 
can be 


avoided 
by outputting 
three 
all zero characters 
as 


commands 
before 
issuing 
the 
internal 
reset 
com- 


mand. 
The 
USART 
indicates 
its state 
in a status 


register 
which 
can be read under 
program 
control. 


The 
format 
of the status 
register 
read is shown 
in 


Figure 7. 


When operating 
the receiver 
it is important 
to real- 


ize that 
RxE 
(bit 
2 of the command 
instruction) 


only 
inhibits 
the assertion 
of RxRDY; 
it does not 


inhibit 
the actual 
reception 
of characters. 
Because 


the receiver 
is constantly 
running, 
it is possible 
for 


it to contain 
extraneous 
data 
when 
it is enabled. 
To avoid 
problems 
this 
data 
should 
be read from 


the 
USART 
and 
discarded. 
The 
read 
should 
be 


done 
immediately 
following 
the setting 
of Receive 


Enable 
in the 
asynchronous 
mode, 
and 
following 


the 
setting 
of 
Enter 
Hunt 
in 
the 
synchronous 


mode. 
It is not 
necessary 
to wait for RxRDY 
be- 


fore executing 
the dummy 
read. 


'TRANSMIT 
ENABLE 
1· 
ENABLE 


O· 
DISABLE 


DATA TERMINAL 
READY 


"HIGH" 
WILL FORCE 
OTA OUTPUT TO ZERO 


SEND 
BREAK 
CHARACTER 


1 • FORCES r.o "lOW" 
O· 
NORMAL 
OPERATION 


ERROR RESET 
1 • RESET ALL ERROR 


FLAGS IPE. DE, FE) 


INTERNAL 
RESET 


"HIGH" 
RETURNS 8251 
TO MODE 
INSTRUCTION 


FORMAT 


SAME DEFINITIONS 
AS I/O PINS EXCEPT 
THAT 
TllRDY 
IS NOT 
CONDITIONED 
BY 
TxENOR 
rn: 
PARITY 
ERROR 
THE PE FLAT IS SET WHEN 
A PARITY 
ERROR IS DE- 


TECTED. 
IT IS RESET BY 
THE fR BIT OF THE COM· 
MAND INSTRUCTION. 
PE 
OOES NOT INHIBIT 
OPER- 


ATION OF THE 8251. 


OVERRUN 
ERROR 
THE DE FLAG IS SET WHEN 
THE CPU DOES NOT READ A 
CHARACTER 
BEFORE THE 
NEXT ONE BECOMES AVAIL· 
ABLE. 
IT IS RESET BY THE 
fA BIT OF THE COMMAND 
INSTRUCTION. 
OE DOES 


NOT INHIBIT 
OPERATION 
OF 
THE 8261; HOWEVER. THE 
PREVIOUSLY 
OVERRUN 
CHARACTER 
IS LOST' 


FRAMING 
ERROR (ASYNC 


ONLY) 


THE FE FLAG IS SET WHEN 
A VALID 
STOP BIT IS NOT 
DETECTED AT THE END OF 
EVERY CHARACTER. 
IT IS 
RESET BY THE ER BIT OF 
THE COMMAND 
INSTRUC· 


TION. 
FE DOES NOT INHIBIT 
THE OPERATION 
OF THE 8251. 


PROCESSOR DATA LINK 


The 
ability 
to 
change 
the 
operating 
mode 
of the 
USART 
by 
software 
makes 
the 
8251 
an 
ideal 


device to use to implement 
a serial communication 
link. 
A terminal 
initially 
configured 
with a simple 
asynchronous 
protocol 
can be upgraded 
to a syn- 


chronous 
protocol 
such 
as IBM Binary 
Synchro- 


nous 
Communication 
by a software 
only upgrade. 


In 
order 
to 
demonstrate 
the 
use 
of 
the 
8251 


USART, 
the 
remainder 
of 
this 
document 
will 


describe 
the implementation 
of an interrupt-driven, 


full 
duplex 
communication 
link 
on 
the 
Intel 


MDSTM 
system. 
With 
minor 
modifications, 
the 
program 
developed 
could 
be 
used 
on 
the 
Intel 


SBC-80/l0™ 
OEM card, thus implementing 
a data 
link between 
the two systems. 
Such a facility 
can 


be 
used 
to 
down-load 
programs, 
run 
diagnostics, 
and maintain 
common 
data bases in multiprocessor 


systems. 


The factors 
which must be considered 
in the design 


of such a link include 
the desired 
transmission 
rate 
and 
format, 
the 
error 
checking 
requirements, 
the 


desirability 
of full duplex 
operation, 
and the phys- 
ical implementation 
of the link. The basic require- 
ment 
of the system 
described 
here is that 
it allow 


an Intel 
SBC-80/10 
OEM card 
to be loaded 
from 


an MDS development 
system, 
either 
locally 
or on 
the 
switched 
telephone 
network. 
An 
additional 


constraint 
is that 
the modem 
used on the switched 


network 
be 
readily 
available 
and 
inexpensive. 


These 
requirements 
led to the choice 
of a modem 


such as the Bell 103A to implement 
the link. These 
modems, 
which 
support 
full 
duplex 
communica- 
tion 
at up to 300 baud, are readily 
available 
from a 


number 
of 
sources 
at 
reasonable 
cost. 
These 
modems 
are also available 
in acoustically 
coupled 


versions 
which 
do not 
require 
permanent 
installa- 
tion 
on 
the 
telephone 
network. 
Interface 
to the 
103A 
modem 
is 
accomplished 
with 
nine 
wires: 
Protective 
Ground, 
Signal 
Ground, 
Transmitted 


Data, 
Received 
Data, 
Clear 
to 
Send, 
Data 
Set 
Ready, 
Data 
Terminal 
Ready, 
Carrier 
Detector, 


and Ringing Indicator. 


The 
utilization 
of 
the 
interface 
signals 
to 
the 


modem 
is as follows: 


Protective 
Protective 
Ground 
is used to bond 
Ground 
the chassis ground 
of the modem 
to 


that of the terminal. 


Signal 
Ground 
Signal 
Ground 
provides 
a common 


ground 
reference 
between 
the 
mo- 
dem and the terminal. 


Transmitted 
Data 


Transmitted 
Data is used to transfer 
serial data 
from 
the terminal 
to the 
modem. 


Received 
Data 
Received 
Data 
is used 
to 
transfer 
serial 
data 
from the modem 
ta the 


terminal. 


Clear 
to 
Send 
indicates 
that 
the 


modem 
has 
established 
a connec- 
tion 
with 
a remote 
modem 
and 
is 


ready to transmit 
data. 


Data 
Set Ready 
indicates 
that 
the 


modem 
is connected 
to 
the 
tele- 
phone 
line and is in the data mode. 


Data 
Terminal 
Ready 
is a signal 


from 
the 
terminal 
which 
permits 


the modem 
to enter the data mode. 


Carrier 
Detector 
is 
identical 
to 


Clear 
to 
Send 
in the 
103 modem 
and 
will not 
be used 
in this 
inter- 
face. 


Ringing 
Indicator 
indicates 
that the 


modem 
is receiving 
a ringing 
signal 


from 
the 
telephone 
system. 
This 


signal will not be used in the inter- 
face, 
since 
it 
is possible 
for 
the 


terminal 
to 
assert 
Data 
Terminal 


Ready 
whenever 
it is ready 
for the 


modem 
to "answer 
the telephone". 
The modem 
uses Data Set Ready 
to 


indicate 
that 
it has 
answered 
the 
call. 


Clear to 
Send 


Data Set 
Ready 


Data 
Terminal 
Ready 


Carrier 
Detector 


Ringing 
Indicator 


A block 
diagram 
showing 
the connections 
between 
the MDS and the SBC-80/l 
0 through 
the modems 
is shown in Figure 8. Figure 9 shows the portion 
of 
the MDS monitor 
board 
devoted 
to the USARTs 


and Figure 
10 shows 
the equivalent 
section 
of the 


SBC-80/1O 
board. 
Note 
that 
several signals on the 


MDS to not 
have the 
proper 
EIA defined 
voltage 


levels, 
and 
for 
this 
reason 
the 
adapter 
shown 
in 
Figure 
II 
was 
added 
to 
the 
MDS. 
The 
390 
pF 
capacitor 
was added 
to the 1488 driver to bring the 


rise 
time 
within 
EIA imposed 
limits 
of 30 volts/ 


j.lsec. 
In Figure 
7 the signal labels within 
the MDS 
and SBC-80/l 
0 blocks 
correspond 
to the labels on 
the schematics, 
the signal labels within 
the modem 
blocks 
correspond 
to 
EIA 
conventions, 
and 
the 
signal labels 
on the 
wires 
between 
the 
blocks 
are 


abbreviations 
for the English language names of the 
signals. 


As an example 
of how the USART 
clocks 
can be 


generated, 
circuits 
A27, A16, 
and AI5 
of Figure 9 


form 
a divider 
of the OSC signal. The OSC signal 
has a frequency 
of 18.432 MHz and is generated 
by 


the 
8224 
which 
generates 
system 
timing 
for the 


8080A. 
The 
18.432 
MHz signal results 
in a state 


time 
of 488 
ns versus 
the normal 
500 
ns for the 


8080A. 
(This 
does 
not 
violate 
8080A 
specifica- 
tions.) 
The 
18.432 
MHz signal 
can be divided 
by 


-------l 


I 


I 
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_l 


,-------- 
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'CAT' INTERFACE 
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~OSR 


>----&r 
OTR 
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30 and 
then 
64 to give a 9600 
baud 
communica- 


tion standard. 
The 9600 baud signal can be further 


divided 
to give 4800, 
2400, 
1200, 
600, 
and 
300 
baud 
signals. The 
1200 baud signal can be divided 


by 
II 
to give a 109.1 baud 
signal which 
is within 


I% of the 
110 baud standard 
signal rate. Note that 


because 
of 
constraints 
on 
the 
CLK 
input 
9600 


baud 
operation 
is not 
possible 
in the 
X64 mode. 


The divide by 64 can be accomplished 
by dividing 
by 
4 
with 
a counter 
and 
then 
16 
within 
the 
USART. 


In order 
to keep 
the system 
as general 
purpose 
as 
possible, 
it was decided 
to transmit 
8-bit data char- 


acters 
with 
an appended 
odd 
parity 
bit. Having a 
full 8-bit byte 
available 
for data enables 
the trans- 


mission 
of codes 
such 
as ASCII 
(which 
is 7-level 


with 
an additional 
parity 
bit) 
to 
be transmitted 


and 
received 
transparently 
in the system. 
Also, ot:- 


course, 
it allows 8-bit bytes from the 8080A 
mem- 


ory to be transferred 
in one transmission 
character. 


If error 
checking 
beyond 
the 
parity 
check 
is re- 


quired, 
it could 
be added 
to the data record 
to be 


transmitted 
in the form of redundant 
check charac- 


ters. 


Before 
the software 
design' bf the system 
could be 


undertaken, 
it 
was necessary 
to 
decide 
whether 


service 
requests 
from 
the 
USART 
would 
be han- 


dled 
on a polled 
or interrupt 
driven 
mode. 
Polled 
operation 
normally 
results 
in more 
compact 
code 


but it requires 
that 
whatever 
programs 
are running 
concurrently 
with a transmission 
or reception 
must 


periodically 
either 
check 
the status 
of the USART 


or call a routine 
that does. Since it was not possible 


to determine 
what 
program 
might 
be running 
dur- 


ing a receive or transmit 
operation, 
it was decided 


tq operate 
in an interrupt 
driven mode. 


The 
program 
which 
operates 
the 
8251 
must 
be 


instructed 
as to 
what 
data 
it should 
transmit 
or 


"'receive 
from 
some 
other 
program 
resident 
in the 
8080 
system. 
To 
facilitate 
the 
discussion 
of the 
operation 
of the software, 
the following 
definitions 


will be made: 


USRUN 
is the 
program 
which 
controls 
the 


operation, 
of the 8251. 


USER is a program 
which 
utilizes 
US RUN in 
order to effect 
a data transmission. 


USER 
passes 
commands 
and 
parameters 
to 


USRUN 
by means 
of the 
control 
block 
shown 
in 


Figure 
12. The first byte 
of the block contains 
the 
command 
which 
USER 
wants 
USRUN 
to execute. 


Valid 
contents 
of this 
byte 
are "c" which 
causes 


US RUN 
to 
initialize 
itself 
and 
the 
8251, 
"R" 
which 
causes 
the 
execution 
of the 
data 
input 
(or 


READ) 
operation, 
and "w" which 
causes 
a data 


output 
(WRITE) 
operation. 
The second 
byte of the 
control 
block 
is used by USRUN 
to inform 
USER 


of the status 
of the requested 
operation. 
The third 


and 
fourth 
bytes 
specify 
the starting 
address 
of a 


buffer 
set up by USER which contains 
the data for 


a transmit 
operation 
or 
which 
will be used 
by 


USRUN 
to store 
received 
data. 
The fifth and sixth 


bytes 
are concatenated 
to form 
a positive 
binary 
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number 
which 
specifies 
how 
many 
bytes 
of data 
USER 
wants 
transferred. 
The 
seventh 
and 
eighth 
bytes 
are 
concatenated 
and 
used 
by 
USRUN 
to 


count 
the 
number 
of bytes 
that 
have been trans- 


ferred. 
When 
the 
required 
number 
of 
characters 


have 
been 
transferred, 
or if USRUN 
terminates 
a 
READ 
or WRITE 
due 
to an abnormal 
condition, 
then 
USRUN 
caIIs a subroutine 
at an address 
de- 


fined 
by 
the 
ninth 
and 
tenth 
bytes 
of the 
com- 


mand 
block. 
This subroutine, 
which is provided 
by 
USER, 
must determine 
the state of the process and 
then take appropriate 
action. 


Since 
USRUN 
must 
be capable 
of operation 
in a 


fuII duplex 
mode 
(i.e., be able to receive and trans- 


mit 
simultaneously), 
it keeps 
the 
address 
of two 


control 
blocks; 
one for a READ operation 
and one 


for a WRITE. 
The address 
of the controlling 
com- 


mand 
block 
is kept 
in 
RAM 
locations 
labeled 
RCBA for the READ 
operation 
and TCBA for the 


WRITE 
operation. 
If 
RCBA 
(Receive 
Control 
Block Address) 
or TCBA (Transmit 
Control 
Block 


Address) 
is zero, it indicates 
that the corresponding 


operation 
is in an idle status. 


Flowcharts 
of USRUN 
appear in Figure 
13 and the 
listings 
appear 
in Figure 
14. The first section 
of the 


flowcharts 
(Figures 
13.1 and 
13.2) consists 
of two 


subroutines 
which 
are used as cohvenient 
tools for 


operating 
on the control 
blocks. These routines 
are 
labeled 
LOADA 
and 
CLEAN. 
LOADA 
is entered 


with 
the 
address 
of a control 
block 
in registers 
H 


and L. Upon return 
registers 
D and E have been set 


equal 
to 
the 
address 
in the 
buffer 
which 
is the 


target 
of the 
next 
data transfer 
(Le., D,E = BAD+ 


CCT); 
and 
CCT (transferred 
byte 
count) 
has then 


been incremented. 
In addition, 
the B register is set 


to 
zero 
if the 
number 
of bytes 
that 
have 
been 


transferred 
is equal 
to the number 
requested 
(Le., 


CCT = RCT). 
CLEAN, 
the 
second 
routine, 
is also 


entered 
with 
the 
address 
of a command 
block 
in 


the Hand 
L registers. 
In addition, 
the Accumulator 


holds 
the 
status 
which 
will 
be 
placed 
in 
the 


STATUS 
byte 
of the command 
block. 
On exit the 


STATUS 
byte 
has been updated 
and the address of 


the completion 
routine 
has been placed in Hand 
L. 


Upon 
interrupt, 
control 
of the 
MCS-80 
system 
is 


transferred 
to VECTOR 
(Figure 
13.3). Vector 
is a 


program 
which 
saves the state 
of the system, 
gets 


the status 
of the 
USART 
and jumps 
to the RISR 


(Receive 
Interrupt 
Service 
Routine) 
or the TISR 


(Transmit 
Interrupt 
Service 
Routine), 
depending 


on which 
of the two ready flags is active. If neither 


ready 
flag is active, VECTOR 
restores 
the status 
of 


the 
running 
program, 
enables 
interrupts, 
and 
re- 


turns. 
(Interrupts 
are automaticaIIy 
disabled 
by the 


hardware 
upon 
an interrupt.) 
This exit from VEC- 


TOR, 
which 
is labeled 
VOUT, 
is used from other 


COMMAND 


STATUS 


BAD 
LOW 


BAD HIGH 


ACT LOW 


RCT HIGH 
eel 
lOW 


CCTHIGH 


eRA LOW 


eRA HIGH 


I 


THESE TWO BYTES FORM 
THE BUFFER ADDRESS 
I 


THESE TWO BYTES INDICATE 
THE NUMBER OF BYTES TO 
BE TRANSFERRED 
I 


THESE TWO BYTES INDICATE 
THE NUMBER OF BYTES THAT 
HAVE BEEN TRANSFERRED 
I 


THESE TWO BYTES FORM 
THE ADDRESS OF A SUB· 
ROUTINE 
TO Be CALLED 
WHEN 
THE 
OPEAATION 
IS TERMINATED 


portions 
of USRUN if return from the interrupt 


mode is required. 
In 
addition 
to 
handling normal 
data transfers, 


TISR (Figure 13.4) checks a location in memory 
named TCMD in order to determine if the receive 
program wishes to send a command to the USART. 
Since the transmit data and command must share a 
buffer within the USART, any command output 
must occur when TxRDY is asserted. If TCMD is 
zero, TISR proceeds 
with the data 
transfer. 
If 


TCMD is non-zero, TISR calls TUTE (Transmit 
Utility, Figure 13.5) which, depending on the value 


first enabled. 


The 
flowchart 
of 
the 
RISR 
is shown 
in Figure 
13.6. 
Note 
that 
in addition 
to terminating 
when- 


ever the 
required 
number 
of characters 
have been 


received, 
the 
RISR 
also terminates 
if one 
of the 


error 
flags becomes 
set or if the received 
character 
matches 
a character 
found 
in a table pointed 
to by 


the 
label 
ET AB. This table, 
which starts 
at ET AB 


and 
continues 
until 
an all "ones" 
entry 
is found, 
can be used by USER 
to define 
special characters, 
such as EOT (End Of Transmission), 
which will ter- 


minate 
a READ 
operation. 
The remainder 
of Fig- 
ure 13 (13.7) 
shows the decoding 
of the commands 
to USRUN. 
The 
listings 
also include 
a test USER 


which 
exercises 
USRUN. 
This 
program 
sets up a 


256-byte 
transmit 
buffer 
and transfers 
it to a simi- 
lar input 
buffer 
by means 
of a local 
loop. 
When 


both 
the 
READ 
and WRITE 
operations 
are com- 


plete, 
the test 
USER 
checks 
to insure that the two 


buffers 
are identical. 
If the buffers 
differ, the MDS 


monitor 
is called; 
if the data is correct, 
the test is 


repeated. 


CONCLUSION 


The 
8251 
USART 
has been 
described 
both 
as a 


device 
and as a component 
in a system. 
Since not 


only 
modems 
but 
also 
many 
peripheral 
devices 


have 
a serial 
interface, 
the 
8251 
is an extremely 


useful 
component 
in a microcomputer 
system. 
A 


particular 
advantage 
of the device is that it is capa- 


ble of operating 
in various 
modes 
without 
requir- 


ing hardware 
modifications 
to the system 
of which 


it is a part. 
As with 
any complex 
subsystem, 
how- 


ever, 
the 
8251 
USART 
must 
be carefully 
applied 


so that 
it can be utilized 
to full advantage 
in the 


overall 
system. 
It is hoped 
that 
this 
application 


note 
will aid in the designer 
in the application 
of 


the 8251 
USART. 
As a further 
aid to the applica- 
tion 
of the 
8251, 
the 
appendix 
of this document 


includes 
a list of design hints based on past experi- 


ence with the 8251. 


APPLICATIONS 


Figure 
14. 
Program 
Listing 


.***** 
· 
SYSTEM 
ORIGIN 
STATEMENT 
j 
.***** 
, 


4000 
ORG 
4000H 


.***** 
· 


DATA 
STORAGE 
FOR 
TEST 
USER 
j 
.***** 
· 


4000 
BUFIN: 
DS 
100H 
INPUT 
BUFFER 
4100 
BUFOUT: 
DS 
100H 
OUTPUT 
BUFFER 
4200 
5200 
RBLOCK: 
DB 
'R' ,OOH 
RECEIVE 
CONTROL 
BLOCK 
4202 
0040 
RBAD: 
DW 
BUFIN 
4204 
FFOO 
RRCT: 
DW 
OFFH 


4206 
0000 
RCCT: 
DW 
OOH 
4208 
17 42 
RCRA: 
DW 
RCR 
420A 
5700 
TBLoCK: 
DB 
·W· .OOH 
jTRANSMIT 
CONTROL 
BLOCK 
420C 
0041 
TBAD: 
DW 
BUFOUT 


420E 
FFOO 
TRCT: 
DW 
OFFH 
4210 
0000 
TCCT: 
DW 
OOH 
4212 
2742 
TCRA: 
DW 
TCR 
4214 
4300 
GBLOCK: 
DB 
.C· ,OOH 


4216 
00 
FLAG: 
DB 
OOH 


.***** 
, 


COMPLETION 
ROUTINES 
j 
.***** 
, 


4217 
AF 
RC R: 
XRA 
A 
jCLEAR 
A 


4218 
323B42 
STA 
RCBA 
jTURN 
OFF 
RECEIVE 
421B 
323C42 
STA 
RCBA+1 


421E 
3A1642 
LDA 
FLAG 
jGET 
FLAG 


4221 
E60F 
ANI 
OFH 
jCLEAR 
UPPER 
FOUR 
BITS 
4223 
321642 
STA 
FLAG 
jRESTORE 
FLAG 


4226 
C9 
RET 
4227 
AF 
TCR: 
XRA 
A 
jCLEAR 
A 


4228 
323942 
STA 
TCBA 
jTURN 
OFF 
TRANSMIT 
422B 
323A42 
STA 
TCBA+1 


422E 
3A1642 
LDA 
FLAG 
jGET 
FLAG 
4231 
E6FO 
ANI 
OFOH 
jCLEAR 
LOWER 
FOUR 
BITS 


4233 
321642 
STA 
FLAG 
jRESTORE 
FLAG 


4236 
C9 
RET 
jTHEN 
RETURN 


00F5 
00F5 
00F4 
00F4 
0000 
OOFF 
0001 


USTAT 
USCMD 
USDAI 
USDAO 
GSTAT 
BSTAT 
CEND 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


OF5H 
OF5H 
OF4H 
OF4H 
OOH 
OFFH 
01 H 


jUSART 
STATUS 
ADDRESS 
jUSART 
CMD 
ADDRESS 
jUSART 
DATA 
INPUT 
ADDRESS 


jUSART 
DATA 
OUTPUT 
ADDRESS 


jGOOD 
STATUS 
jBAD 
STATUS 


j 
.***** 
. 


4237 
00 
LCMD: 
DB 
OOH 
jCURRENT 
OPERATING 
COMMAND 
4238 
00 
TCMD: 
DB 
OOH 
jIF 
NON 
ZERO 
A 
COMMAND 
TO 
BE 
SENT 


4239 
0000 
TCBA: 
DW 
OOH 
jADDRESS 
OF 
XMIT 
CBLOCK 


423B 
0000 
RCBA: 
DW 
OOH 
jADDRESS 
OF 
RECEIVE 
CBLOCK 
423D 
FF 
MTAB: 
DB 
OFFH 
jEND 
CHARACTER 
TABLE 


LOAD 
ADDRESS 
ROUTINE 
LOADA 
IS 
ENTERED 
WITH 
THE 
ADDRESS 
OF 
A 
CONTROL 
BLOCK 
IN 
H,L. 
ON 
EXIT 
D,E 
CONTAINS 
THE 
ADDRESS 


WHICH 
IS 
THE 
TARGET 
OF 
THE 
NEXT 
DATA 
TRANSFER 
(BAD+CCNT) 
AND 
B 
HAS 
BEEN 
SET 
TO 
ZERO 
IF 
THE 
REQUESTED 
NUMBER 
OF 


TRANSFERS 
HAS 
BEEN 
ACCOMPLISHED. 
CCNT 
IS 
INCREMENTED 


AFTER 
THE 
TARGET 
ADDRESS 
HAS 
BEEN 
CALCULATED. 


j 
;***** 


423E 
23 
LOADA: 
INX 
H 


423F 
23 
INX 
H 


4240 
5E 
t10V 
E,M 
4241 
23 
INX 
H 
4242 
56 
MOV 
D,M 
4243 
23 
INX 
H 
4244 
23 
INX 
H 
4245 
23 
INX 
H 


4246 
4E 
HOV 
C,M 


4247 
23 
INX 
H 
4248 
46 
'MoV 
B',M 
4249 
EB 
XCHG 


424A 
09 
DAD 
B 
424B 
EB 
XCHG 


424C 
03 
INX 
B 
424D 
70 
MOV 
t1,B 
424E 
2B 
DCX 
H 


424F 
71 
MOV 
H,C 
4250 
oB 
DCX 
B 


4251 
2B 
DCX 
H 


4252 
7E 
MOV 
A,M 


4253 
90 
SUB 
B 


4254 
47 
MOV 
B,A 


4255 
CO 
RNZ 


4256 
2B 
DCX 
H 


4257 
7E 
MOV 
A,M 
4258 
91 
SUB 
C 


4259 
47 
MOV 
B,A 


425A 
C9 
RET 


jDONE 
jB,C 
GETS 
COMPLETED 
COUNT 
(CCNT) 


jDONE 
jD,E 
GETS 
BAD+CCNT 


jDONE 
jCCNT 
GETS 
INCREMENTED 


jDONE 
jDoES 
OLD 
CCNT=RCNT? 


425B 
5D 


425C 
54 
425D 
23 
425E 
77 
425F 
010700 
4262 
09 
4263 
7E 
4264 
23 
4265 
66 
4266 
6F 
4267 
C9 


4268 
F5 


4269 
C5 
426A 
D5 


426B 
E5 


426C 
DBF5 


426E 
DBFA 
4270 
OF 


4271 
OF 


4272 
DA8842 
4275 
07 
4276 
07 
4277 
DAD442 
427A 
3EFC 
427C 
D3F3 
427E 
E1 


427F 
D1 
4280 
C1 
4281 
3E20 
4283 
D3FD 
4286 
FB 
4287 
C9 


CLEAN-UP 
ROUTINE 
CLEAN 
IS 
ENTERED 
WITH 
THE 
ADDRESS 
OF 
A 
CONTROL 


BLOCK 
IN 
H,L 
AND 
A 
NEW 
STATUS 
TO 
BE 
ENTERED 
INTO 
IT 
IN 
A. 
ON 
EXIT 
THE 
ADDRESS 
OF 
THE 
CONTROL 
BLOCK 
IS 
IN 
D,E; 
THE 
STATUS 
OF 
THE 
BLOCK 
HAS 
BEEN 
UPDATED; 
AND 
THE 
ADDRESS 
OF 
THE 
COMPLETION 
ROUTINE 
IS 
IN 
H,L. 


CLEAN: 
MOV 
MOV 
INX 
MOV 
LXI 
DAD 
MOV 
INX 
MOV 
MOV 
RET 


E,L 
D,H 


H 
M,A 
B,7 
B 
A,M 


H 
H,M 
L,A 


;POINT 
AT 
STATUS 


;SET 
STATUS 
EQUAL 
TO 
A 


;SET 
INDEX 
TO 
SEVEN 
;POINT 
AT 
COMPLETION 
ADDRESS 


;GET 
LOWER 
ADDRESS 


;POINT 
AT 
UPPER 
ADDRESS 


;H 
GETS 
HIGH 
ADDRESS 
BYTE 
;L 
GETS 
LOW 
ADDRESS 
BYTE 


INTERUPT 
VECTOR 
ROUTINE 
VECTOR 
SAVES 
THE 
STATUS 
OF 
THE 
RUNNING 
PROGRAM 


THEN 
READS 
THE 
STATUS 
OF 
THE 
USART 
TO 
DETERMINE 
IF 
A 
RECEIVE 
OR 
TRANSMIT 
INTERUPT 
OCCURRED. 
VECTOR 
THEN 
CALLS 
THE 
APPROPRIATE 
SERVICE 
ROUTINE. 
IF 
NEITHER 
INTERUPTS 
OCCURRED 
THEN 
VECTOR 
RESTORES 
THE 
STATUS 
OF 
THE 
RUNNING 
PROGAM. 
THE 
SERVICE 
ROUTINES 
USE 
THE 
EXIT 
CODE, 
LABLED 
VOUT, 
TO 
EFFECT 
THEIR 
EXIT 
FROM 
INTERUPT 
MODE. 


VECTOR: 
PUSH 
PUSH 
PUSH 
PUSH 
IN 
IN 
RRC 
RRC 
JC 
RLC 
RLC 
JC 
MVI 
OUT 


VOUT: 
POP 
POP 
POP 
MVI 
OUT 
EI 
RET 


PSW 
B 
D 


H 
USTAT 
OFAH 


TISR 
A,OFCH 
OF3H 


H 


D 
B 
A,20H 
OFDH 


;GET 
USART 
ADDRESS 


;MDS-GET 
MONITOR 
CARD 
INT. 
STATUS 
;ROTATE 
TWO 
PLACES 


;SO 
THAT 
CARRY=RXRDY 
;IF 
RXRDY 
GO 
TO 
SERVICE 
ROUTINE 


;IF 
NOT 
ROTATE 
BACK 


;LEAVING 
TXRDY 
IN 
CARRY 


;IF 
TXRDY 
THEN 
GO 
TO 
SERVICE 
ROUTINE 


;MDS-CLEAR 
OTHER 
LEVEL 
THREE 
INTERUPTS 


;MDS 
jELSE 
EXIT 
FROM 
INTERUPT 
MODE 


;MDS-RESTORE 
CURRENT 
LEVEL 
;MDS 
;ENABLE 
INTERUPTS 


4288 
2A3B42 
428B 
3E82 
428D 
D3F3 
428F 
2C 
4290 
2D 
4291 
C29942 
4294 
24 


4295 
25 
4296 
CA7E42 
4299 
CD3E42 
429C 
DBF4 
429E 
12 
429F 
4F 
42AO 
DBF5 
42A2 
E638 
42A4 
C2B942 
42A7 
04 
42A8 
05 
42A9 
C2BE42 
42AC 
3EOO 
42AE 
217E42 
42 B 1 
E5 
42B2 
2A3B42 
42B5 
CD5B42 
42B8 
E9 


42B9 
3EFF 
42BB 
C3AE42 
42BE 
213D42 
42C1 
7E 
42C2 
FEFF 
42C4 
CA7E42 
42C7 
B9 
42C8 
CACF42 
42CB 
23 
42CC 
C3C 142 
42CF 
3E01 


42D1 
C3AE42 


RECEIVE 
INTERUPT 
SERVICE 
ROUTINEj 
RISR 
PROCESSES 
A 
RECEIVE 
INTERUPT 
AT 
THE 
END 
OF 
RECEIVE 
THE 
USER 
SUPPLIED 


COMPLETION 
ROUTINE 
IS 
CALLED 
AND 
THEN 
AN 


EXIT 
IS 
TAKEN 
THROUGH 
VOUT 
OF 
THE 
VECTOR 


RISR: 
LHLD 
MVI 
OUT 
INR 
DCR 
JNZ 
INR 
DCR 
JZ 
RISRB: 
CALL 
IN 
STAX 
MOV 
IN 
ANI 
JNZ 
INR 
DCR 
JNZ 
MVI 


RISRA: 
LXI 
PUSH 
LHLD 
CALL 
PCHL 


RISRE: 
MVI 
JMP 
EXCHAR: 
LXI 


EXA: 
MOV 
CPI 
JZ 
CMP 
JZ 
INX 
JMP 


PEND: 
MVI 
JMP 


RCBA 
A,82H 
OF3H 
L 
L 
RISRB 
H 
H 
VOUT 
LOADA 
USDAI 
D 
C,A 
USTAT 
38H 
RISRE 
B 
B 
EXCHAR 
A,GSTAT 
H,VOUT 


H 
RCBA 
CLEAN 


A,BSTAT 
RISRA 
H,MTAB 
A,M 
OFFH 
VOUT 
C 
PEND 


H 
EXA 
A,CEND 
RISRA 


jMDS-CLEAR 
RECEIVE 
INTERUPT 
JMDS 


jREADY-SET 
UP 
ADDRESS 


jGET 
INPUT 
DATA 


jAND 
PUT 
IN 
THE 
BUFFER 


jSAVE 
INPUT 
DATA 
IN 
C 


jGET 
STATUS 
AGAIN 


jMASK 
FOR 
ERROR 
FIELD 


jNOT 
ZERO-TAKE 
ERROR 
EXIT 


jB WAS 
00 
IF 
DONE 


jNOT 
DONE-EXIT 


jA 
GETS 
GOOD 
STATUS 
jGET 
RETURN 
ADDRESS 
jAND 
PUSH 
IT 
INTO 
THE 
STACK 
jPOINT 
H,L 
AT 
THE 
CMD 
BLOCK 
jCALL 
CLEANUP 
ROUTINE 


jEFFECTIVELY 
CALLS 
COMPLETION 
ROUTINE 
jRETURN 
IS 
TO 
VOUT 
BECAUSE 
OF 
PUSH 
H 


jA 
GETS 
BAD 
STATUS 
jOTHERWISE 
EXIT 
IS 
NORMAL 
JTEST 
CHARACTER 
AGAINST 
EXIT 
TABLE 


42D4 
3A3842 
42D7 
B7 


42D8 
C40443 
42DB 
3E81 


42DD 
D3F3 


42DF 
2A3942 
42E2 
2C 
42E3 
2D 
42E4 
C2EC42 
42E7 
24 


42E8 
25 
42E9 
CA7E42 
42EC 
CD3E42 
42EF 
1A 


42FO 
D3F4 


42F2 
04 
42F3 
05 
42F4 
C27E42 


42F7 
217E42 


42 F A 
E5 


42FB 
3EOO 


42FD 
2A3942 


4300 
CD5B42 
4303 
E9 


4304 
FE01 


4306 
CA2443 


4309 
FE02 
430B 
CA1443 
430E 
FE03 


4310 
CA1C43 


4313 
C9 


4314 
3A3742 


4317 
F604 


4319 
323742 


431C 
3A3742 


431F 
F610 
4321 
D3F5 
4323 
C9 


4324 
3A3742 
4327 
E6FB 


4329 
323742 


432C 
C32143 


TRANSMIT 
INTERUPT 
SERVICE 
ROUTINE 
TISR 
PROCCESSES 
TRANSMITTER 
INTERUPTS 
WHEN 
THE 
END 
OF 
A 
TRANSMISSION 
IS 
DETECTED 
THE 
USER 
SUPPLIED 
COMPLETION 
ROUTINE 
IS 
CALLED 
AND 
THEN 
AN 
EXIT 
IS 
TAKEN 
THROUGH 
VOUT 
OF 
VECTOR 


LDA 
ORA 


CNZ 
MVI 
OUT 
LHLD 
INR 
DCR 


JNZ 
INR 
DCR 
JZ 
CALL 
LDAX 
OUT 
INR 
DCR 
JNZ 
LXI 
PUSH 
MVI 
LHLD 
CALL 
PCHL 


CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
RET 
LDA 
ORI 
STA 
LDA 
ORI 
OUT 
RET 
LDA 
ANI. 
STA 
JMP 


TCMD 


A 
TUTE 
A,081H 
OF3H 
TCBA 


L 
L 
TISRA 


H 
H 
VOUT 
LOADA 
D 
USDAO 
B 
B 
VOUT 
H,VOUT 


H 
A,GSTAT 
TCBA 
CLEAN 


01 
TUTE1 
02 
TUTE2 
03 
TUTE3 


LCMD 
04 
LCMD 
LCMD 
10H 
USCMD 


LCMD 
OFBH 
LCMD 
TUTE4 


jGET 
POTENTIAL 
COMMAND 


;DESIGNATE 
ON 
IT 
;DO 
UTILITY 
COMMAND 
jMDS-CLEAR 
XMIT 
INTERUPTS 
;MDS 


jNON 
VALID 
BLOCK 
(H,L=O) 


jSET 
UP 
ADDRESS 
jGET 
DATA 
FROM 
BUFFER 
;AND 
OUTPUT 
IT 
;B 
WAS 
00 
IF 
DONE 


;NOT 
DONE-EXIT 
FROM 
SERVICE 
ROUTINE 


jSET 
UP 
RETURN 
ADDRESS 


jAND 
PUSH 
IT 
INTO 
THE 
STACK 
jA 
GETS 
GOOD 
STATUS 


jPOINT 
H,L 
AT 
COMMAND 
BLOCK 


jCALL 
CLEANUP 
ROUTINE 
jCALL 
COMPLETION 
ROUTINE 
jRETURN 
WILL 
BE 
TO 
VOUT 
;RECEIVER 
OFF 


432F 
1A 
4330 
FE43 


4332 
CA4043 


4335 
FE52 


4337 
CA5D43 


433A 
FE57 


433C 
CA9D43 


433 F 
C9 
4340 
F3 
4341 
AF 


4342 
D3F5 


4344 
D3F5 


4346 
D3F5 


4348 
3E40 
434A 
D3F5 
434C 
3E5E 


434E 
D3F5 


4350 
AF 
4351 
213942 


4354 
77 
4355 
23 


4356 
77 


4357 
23 


4358 
77 
4359 
23 


435A 
77 


4358 
FB 


435C 
C9 


435D 
213B42 


4360 
7E 
4361 
B7 
4362 
C26B43 
4365 
23 
4366 
7E 


4367 
B7 


4368 
CA7743 
436B.3EFE 
436D 
217643 
4370 
E5 
4371 
EB 
4372 
CD5B42 


4375 
E9 
4376 
C9 


4377 
EB 


4378 
223B42 


437B 
3A3742 


437E 
F616 
4380 
323742 


4383 
OF 


USART 
COMMAND 
BLOCK 
INTERPRETER 
USRUN 
IS 
CALLED 
BY 
USER 
WITH 
THE 
ADDRESS 
OF 
THE 
COMMAND 
BLOCK 
IN 
H,L. 
USRUN 
EXAMINES 
THE 
BLOCK 
AND 
INTIALIZES 
THE 
REQUESTED 
OPERATION 


USRUN: 
LDAX 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
RET 


UCLEAR: 
DI 
XRA 
OUT 
OUT 
OUT 
MVI 
OUT 
MVI 


OUT 
XRA 
LXI 
MOV 
INX 
MOV 
INX 
MOV 
INX 
MOV 
EI 
RET 


LXI 


MOV 
ORA 
JNZ 
INX 


MOV 
ORA 
JZ 
MVI 
LXI 
PUSH 
XCHG 
CALL 
PCHL 
RET 


XCHG 
SHLD 
LDA 
ORI 
STA 
RRC 


D 
'c' 
UCLEAR 
'R' 
UREAD 
'w' 
UWRITE 


A 
USCMD 
USCMD 
USCMD 
A,40H 
USCMD 
A,05EH 


USCMD 


A 
H,TCBA 
M,A 


H 
M,A 


H 
M,A 


H 
M,A 


H,RCBA 
A,M 


A 
UROUT 
H 
A,M 


A 
URDA 
A,OFEH 
H,URDB 


H 


RCBA 
LCMD 
16H 
LCMD 


;GET 
THE 
CMD 
FROM 
THE 
BLOCK 
;IS 
IT 
A 
CLEAR 
COMMAND? 
;YES 
GO 
TO 
CLEAR 
ROUTINE 
;IS 
IT 
A 
READ 
COMMAND? 
;YES-GO 
TO 
READ 
ROUTINE 
;IS 
IT 
A 
WRITE 
COMMAND? 
;GO 
TO 
WRITE 
ROUTINE 


;NOT 
A 
GOOD 
COMMAND-RETURN 


;DISABLE 
INTERUPTS 
;CLEAR 
A 
;OUTPUT 
THREE 
TIMES 
TO 
ENSURE 
;THAT 
THE 
USART 
IS 
IN 
A 
KNOWN 
STATE 


;CODE 
TO 
RESET 
USART 
;OUTPUT 
ON 
CMD 
CHANNEL 


iCE 
IMPLIES 
ASYN 
MODE 
(X16) 
8 
DATA 
BITS 
ODD 
PARITY 
1 STOP 
BIT 
;OUTPUT 
ON 
CMD 
CHANNEL 
;CLEAR 
A, 
SET 
ZERO 
;CLEAR 
TCBA 
AND 
RCBA 


;ENABLE 
INTERUPTS 
;AND 
RETURN 
TO 
USER 


jREAD 
IS 
IDLE-PROCEDE 
jALREADY 
RUNNING-ERROR 
STATUS 
jSET 
UP 
RETURN 
ADDRESS 
;PUSH 
IT 
INTO 
STACK 
;H 
GETS 
COMMAND 
BLOCK 
ADDRESS 


;CALL 
CLEANUP 
ROUTINE 
;EFFECTIVELY 
CALLS 
END 
ROUTINE 
;RETURN 
TO 
USER 


;H 
GETS 
COMMAND 
BLOCK 
ADDRESS 


;RCBA 
GETS 
COMMAND 
BLOCK 
ADDRESS 


jGET 
LAST 
COMMAND 
;SET 
RXE 
AND 
DTR 
AND 
RESET 
ERRORS 


jAND 
RETURN 
TO 
MEMORY 
;SET 
CARRY 
EQUAL 
TO 
TXE 


APPLICATIONS 


4384 
D28C43 
JNC 
URDC 
4387 
3E02 
MVI 
A,2 


4389 
323842 
STA 
TCMD 
438C 
07 
URDC: 
RLC 
438D 
D3F5 
OUT 
USCMD 
iOUTPUT 
CMD 
438F 
DBF4 
IN 
USDAI 
iCLEAR 
USART 
OF 
LEFT 
OVER 
CHARACTERS 
4391 
DBF4 
IN 
USDAI 


4393 
3E82 
MVI 
A,82H 
iMDS-CLEAR 
RECEIVE 
INTERUPT 


4395 
D3F3 
OUT 
OF3H 
iMDS 
4397 
3EF6 
MVI 
A,OF6H 
iMDS-ENABLE 
LEVEL 
THREE 
4399 
D3FC 
OUT 
OFCH 
;MDS 


439B 
FB 
EI 
;ENABLE 
INTERUPTS 
439C 
C9 
RET 
;RETURN 
TO 
USER 


439D 
213942 
Ui'iRITE: LXI 
H,TCBA 
;CHECK 
WRITE 
IDLE 
43AO 
7E 
MOV 
A,M 
43A1 
B7 
ORA 
A 
43A2 
C26B43 
JNZ 
UROUT 
;BUSY-EXIT 
43A5 
23 
INX 
H 


43A6 
7E 
MOV 
A,M 
43A7 
C26B43 
JNZ 
UROUT 
iBUSY-EXIT 


43AA 
EB 
XCHG 
;OK-H 
GETS 
COr~MAND 
BLOCK 
ADDRESS 
43AB 
223942 
SHLD 
TCBA 
;TCBA 
GETS 
COMMAND 
BLOCK 
ADDRESS 
43AE 
3A3742 
LDA 
LCMD 
iGET 
LAST 
COMMAND 
43B1 
F6n 
ORI 
023H 
;SET 
RTS,DTR, 
AND 
TXEN 
4383 
323742 
STA 
LCMD 
43B6 
D3F5 
OUT 
USCMD 
43B8 
3EF6 
MVI 
A,OF6H 
;MDS-ENABLE 
LEVEL 
THREE 
INTERUPTS 
43BA 
D3FC 
OUT 
OFCH 
iMDS 
43BC 
FB 
EI 
;ENABLE 
SYSTEM 
INTERUPTS 
43BD 
C9 
RET 
;AND 
RETURN 
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.***** 
, 


USER 
IS 
A 
TEST 
PROGRAM 
WHICH 
EXERCISES 
USRUN 


j 
;***** 


43BE 
3EC3 
USER: 
MVI 
A,OC3H 
jMDS-SET 
INTERUPT 
VECTOR 
43CO 
321800 
STA 
018H 
43C3 
216842 
LXI 
H,VECTOR 


43C6 
221900 
SHLD 
019H 
43C9 
3E43 
MVI 
A, 'c' 
jSET 
GENERAL 
BLOCK 
TO 
A 
'c' 
43CB 
111442 
LXI 
D,GBLOCK 


43CE 
12 
STAX 
D 


43CF 
CD2F43 
CALL 
USRUN 
43D2 
210040 
LXI 
H,BUFIN 
jCLEAR 
INPUT 
BUFFER 


43D5 
AF 
XRA 
A 


43D6 
77 
MOV 
M,A 


43D7 
2C 
INR 
L 


43D8 
C2D643 
JNZ 
$-2 
43DB 
210041 
LXI 
H,BUFOUT 
jINITIALIZE 
OUTPUT 
BUFFER 


43DE 
75 
MOV 
M,L 
43DF 
2C 
INR 
L 


43EO 
C2DE43 
JNZ 
$-2 
43E3 
65 
MOV 
H,L 
jREINTIALIZE 
CONTROL 
BLOCKS 
43E4 
2E52 
MVI 
L, 'R ' 


43E6 
220042 
SHLD 
RBLOCK 


43E9 
2E57 
MVI 
L, 'w' 
43EB 
220A42 
SHLD 
TBLOCK 
43EE 
6C 
MOV 
L, H' 


43EF 
220642 
SHLD 
RCCT 


43F2 
221042 
SHLD 
TCCT 


43F5 
110042 
LXI 
D,RBLOCK 
jSTART 
READ 


43F8 
CD2F43 
CALL 
USRUN 


43FB 
110A42 
LXI 
D,TBLOCK 
jSTART 
WRITE 


43FE 
C D2 F43 
CALL 
USRUN 
4401 
3EFF 
MVI 
A,OFFH 
JLOOP 
WAITING 
COMPLETION 


4403 
321642 
STA 
FLAG 
jFLAG 
\HLL 
BE 
SET 
BY 
COMPLETION 
ROUTINES 
4406 
3A'1642 
LDA 
FLAG 


4409 
87 
ORA 
A 


440A 
c20644 
JNZ 
$-4 


440D 
210040 
LXI 
H,BUFIN 
JTEST 
IN PUT 
BUFFER=OUTPUT 
BUFFER 
4410 
7E 
COMLP: 
MOV 
A,M 


441 1 24 
INR 
H 


4412 
BE 
CMP 
M 


4413 
C21E44 
JNZ 
COMER 
4416 
25 
DCR 
H 


4417 
2C 
INR 
L 


4418 
C21044 
JNZ 
COMLP 


441B 
C38E43 
JMP 
USER 
jGOOD 
COMPARE-REPEAT 
TEST 


441E 
C7 
COMER: 
RST 
0 
jERROR-RETURN 
TO 
MONITOR 


0000 
END 
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BSTAT 
OOFF 
BUFIN 
4000 
BUFOU 
4100 
CEND 
0001 


CLEAN 
4'25B 
COMER 
441E 
COMLP 
4410 
EXA 
42Cl 


EXCHA 
42BE 
FLAG 
4216 
GBLOC 
4214 
GSTAT 
0000 


LCMD 
4237 
LOADA 
423E 
MTAB 
423D 
PEND 
42CF 


RBAD 
4202 
RBLOC 
4200 
RCBA 
423B 
RCCT 
4206 


RCR 
4217 
RCRA 
4208 
RISR 
4288 
RISRA 
42AE 


RISRB 
4299 
RISRE 
42B9 
RRCT 
4204 
TBAD 
420C 


TBLOC 
420A 
TCBA 
4239 
TCCT 
4210 
TCMD 
4238 
T CR 
4227 
TCRA 
4212 
TISR 
42D4 
TISRA 
42EC 


TRCT 
420E 
TUTE 
4304 
TUTE1 
4324 
TUTE2 
4314 


TUTE3 
431C 
TUTE4 
4321 
UCLEA 
4340 
URDA 
4377 


U RDB 
4376 
URDC 
438C 
UREAD 
435D 
UROUT 
436B 


U SCMD 
00F5 
USDAI 
00F4 
USDAO 
00F4 
USER 
43BE 


USRUN 
432F 
USTAT 
00 F5 
UWRIT 
439D 
VECTO 
4268 


VOUT 
427E 


APPENDIX 
A 


8251 DESIGN HINTS 


I. Output 
of a command 
to the USART 
destroys 
the 
integrity 
of 
a transmission 
in progress 
if 
timed 
incorrectly. 


Sending 
a command 
into the USART 
will over- 


write 
any character 
which is stored 
in the buffer 


waiting 
for transfer 
to the parallel-to-serial 
con- 


verter 
in 
the 
device. 
This 
can 
be avoided 
by 
waiting 
for TxRDY 
to be asserted 
before 
send- 


ing a command 
if transmission 
is taking 
place. 
Due to the internal 
structure 
of the US ART, it is 
also 
possible 
to 
disturb 
the 
transmission 
if a 
command 
is sent while a SYN character 
is being 
generated 
by the device. 
(The USART generates 
a 
SYN 
if 
the 
software 
fails 
to 
respond 
to 
TxRDY.) 
If this occurrence 
is possible 
in a sys- 


tem, commands 
should 
be transferred 
only when 


a positive-going 
edge is detected 
on the TxRDY 


line. 


2. RxE only 
acts as a mask to RxRDY; 
it does not 


control 
the operation 
of the receiver. 


When the receiver 
is enabled, 
it is possible 
for it 


to already 
contain 
one or two characters. 
These 
characters 
should 
be read 
and 
discarded 
when 


the RxE bit is first set. Because of these extrane- 
ous characters 
the 
proper 
sequence 
for gaining 
synchronization 
is as follows: 


I. Disable interrupts 


2. Issue 
a command 
to enter 
hunt 
mode, 
clear 


errors, 
and enable 
the receiver 
(EH,ER,RxE= 


I) 


3. Read 
USART 
data 
(it 
is 
not 
necessary 
to 
check status) 


4. Enable 
interrupts 


The 
first 
RxRDY 
that 
occurs 
after 
the 
above 
sequence 
will indicate 
that the SYN character 
or 


characters 
have been detected 
and the next char- 


acter has been assembled 
and is ready to be read. 


3. Loss of CTS or dropping 
TxEnable 
will immedi- 


ately clamp the serial output 
line. 


TxEnable 
and RTS should 
remain 
asserted 
until 


the transmissjon 
is complete. 
Note 
that 
this im- 
plies that 
not 
only 
has the 
USART 
completed 


the transfer 
of all bits of the last character, 
but 


also that 
they 
have cleared 
the modem. 
A delay 


of 
I 
msec 
following 
a 
proper 
occurrence 
of 


TxEmpty 
is usually 
sufficient 
(see item 4). An 


additional 
problem 
can 
occur 
in the 
synchro- 
nous 
mode 
because 
the loss of TxEnable 
clamps 


the 
data 
in at a SPACE 
instead 
of the 
normal 


MARK. 
This 
problem, 
which 
does not occur 
in 


the asynchronous 
mode, 
can be corrected 
by an 


external 
gate combining 
RTS and the serial out- 
put data. 


4. Extraneous 
transitions 
can occur 
on TxEmpty 


while 
data 
(including 
USART 
generated 
SYNs) 


is transferred 
to the 
parallel-to-serial 
converter. 


This 
situation 
can be avoided 
by ensuring 
that 


TxEmpty 
occurs 
during 
several 
consecutive 


status 
reads before 
assuming 
that the transmitter 


is truly in the empty 
state. 


5. A 
BREAK 
(i.e., 
long 
space) 
detected 
by 
the 


receiver 
results 
in a string 
of characters 
which 


have framing errors. 


If reception 
is to be continued 
after 
a BREAK, 


care must 
be taken 
to ensure 
that 
valid data is 


being 
received; 
special 
care must 
be taken 
with 


the 
last 
character 
perceived 
during 
a BREAK, 


since its value, including 
any framing 
error asso- 


ciated with it, is indeterminate. 
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INTRODUCTION 


The Intel 8273 is a Oata Communications 
Protocol Con- 


troller designed for use in systems utilizing either SOLC 
or HOLC (Synchronous or High-Level Oata Link Control) 
protocols. In addition to the usual features such as full 
duplex operation, 
automatic 
Frame Check Sequence 


generation and checking, automatic 
zero bit insertion 


and deletion, 
and TTL compatibility 
found 
on other 


single component SOLC controllers; the 8273 features a 
frame level command structure, a digital phase locked 
loop, SOLC loop operation, aM diagnostics. 


The frame level command structure is made possible by 
the 8273's unique internal dual processor architecture. 
A high-speed 
bit 
processor 
handles 
the serial 
data 


manipulations 
and character 
recognition. 
A byte pro- 
cessor implements 
the frame level commands. These 


dual processors allow the 8273 to control the necessary 
byte-by-byte 
operation 
of 
the 
data 
channel 
with 
a 


minimum of CPU (Central Processing Unit) intervention. 
For the user this means the CPU has time to take on 
additional 
tasks. The digital 
phase locked loop (OPLL) 


provides a means of clock recovery from the received 
data stream on-chip. This feature, along with the frame 
level commands, makes SOLC loop operation extremely 
simple and flexible. Oiagnostics in the form of both data 
and clock 
loopback 
are available 
to 
simplify 
board 


debug and link testing. The 8273 is a dedicated function 
peripheral in the MCS-80/85 Microcomputer 
family and 
as such, it interfaces 
to the 8080/8085 system with a 


minimum of external hardware. 


This application 
note explains the 8273 as a component 


and shows its use in a generalized loop configuration 
and a typical 8085 system. The 8085 system was used to 
verify the SOLC operation of the 8273 on an actual IBM 
SOLC data communications 
link. 


The first 
section of this application 
note presents an 


overview of the SOLC/HOLC protocols. It is fairly tutorial 
in nature and may be skipped by the more knowledge- 
able reader. The second section describes the 8273 from 
a functional 
standpoint 
with explanation 
of the block 


diagram. The software aspects of the 8273, including 
command examples, are discussed in the third section. 
The fourth and fifth sections discuss a loop SOLC con- 
figuration 
and the 8085 system respectively. 


SDLC/HDLC 
OVERVIEW 


SOLC is a protocol for managing the flow of information 
on a data communications 
link. In other words, SOLC 


can 
be thought 
of 
as an envelope 
- 
addressed, 


stamped, and containing an s.a.s.e. - 
in which informa- 
tion is transferred 
from location to location on a data 


communications 
link. (Please note that while SOLC is 


discussed 
specifically, 
all 
comments 
also 
apply 
to 


HOLC except where noted.) The link may be either point- 
to-point or mUlti-point, with the point-to-point configura- 
tion being either switched or nonswjtched. The informa- 
tion flow may use either full or half duplex exchanges. 
With this many configurations 
supported, it is difficult 


to find a synchronous data communications 
application 


where SOLC would not be appropriate. 


Aside from supporting a large number of configurations, 
SOLC offers the potential of a 2 x increase in through- 
put over the presently most prevalent protocol: Bi-Sync. 
This performance increase is primarilyduetotwocharll.c- 
teristics of SOLC: full duplex operation and the implied 
acknowledgement 
of transferred 
information. 
The per- 


formance increase due to full duplex operation is fairly 
obvious since, in SOLC, both stations can communicate 
simUltaneously. Bi-Sync supports only half-duplex (two- 
way alternate) communication. 
The increase from im- 


plied acknowledgement 
arises from tile fact that a sta- 


tion using SOLC may acknowledge previously received 
information while transmitting 
different information. Up 


to 7 messages may be outstanding 
before an acknowl- 


edgement is required. These messages may be acknowl- 
edged as a block rather than singly. In Bi-Sync, acknowl- 
edgements 
are 
unique 
messages 
that 
may 
not 
be 


included 
with 
messages 
containing 
information 
and 


each information message requires a separate acknowl- 
edgement. Thus the line efficiency 
of SOLC is superior 


to Bi-Sync. On a higher level, the potential 
of a 2 x 


increase in performance means lower cost per unit of 
information 
transferred. Notice that the increase is not 


due to higher data link speeds (SOLC is actually speed 
independent), but simply through better line utilization. 


Getting 
down to the more salient 
characteristics 
of 


SOLC; the basic unit of information on an SOLC link is 
that of the frame. The frame format is shown in Figure 1. 
Five fields comprise each frame: flag, address, control, 
information, and frame check sequence. The flag fields 
(F) form the boundary of the frame and all other fields 
are positionally 
related to one of the 'two 
flags. All 


frames start with an opening flag and end with a closing 
flag. Flags are used for frame synchronization. 
They 


also may serve as time-fill 
characters between frames. 


(There are no intraframe time-fill characters in SOLC as 
there are in Bi-Sync.) The opening flag serves as a refer- 
ence point for the address (A) and control (C) fields. The 
frame check sequence (FCS) is referenced 
from the 


closing 
flag. All flags 
have the binary configuration 


01111110 (7EH). 


SOLC is a bit-oriented 
protOCOl,that is, the receiving 


station must be able to recognize a flag (or any other 
special 
character) 
at any time, 
not just 
on an 8-bit 


boundary. This, of course, implies that a frame may be 
N-bits in length. (The vast majority of applications 
tend 


to 
use frames 
which 
are multiples 
of 8 bits 
long, 


however.) 


FRAME 


CHECK 
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INFORMATION 
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CLOSING 
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received, invalidating 
the frame. SOLC handles 
this 
situation 
through a technique called zero bit insertion. 
This techniques specifies that within a frame a binary 0 
be inserted by the transmitter 
after any succession of 


five contiguous 
binary 1s. Thus, no pattern of 01111110 


is ever transmitted 
by chance. On the receiving end, 


after the opening flag is detected, the receiver removes 
any 0 following 
5 consecutive 
1s. The inserted 
and 
deleted. Os are not counted for error determination. 


Before discussing 
the address field, an explanation of 


the roles of an SOLC station is in order. SOLC specifies 
two 
types 
of 
stations: 
primary 
and secondary. 
The 


primary is the control station for the data link and thus 
has responsibility 
of the overall network. There is only 


one predetermined primary station, all other stations on 
the link assume the secondary station role. In general, a 
secondary station speaks only when spoken to. In other 
words, the primary polls the secondaries for responses. 
In order to specify a specific secondary, each secondary 
is assigned a unique a·bit address. lt is this address that 
is used in the frame's address field. 


When the primary transmits a frame to a specific sec- 
ondary, the address field contains the secondary's ad- 
dress. When responding, 
the secondary uses its own 


address in the address field. The primary is never iden· 
tified. 
This ensures that the primary knows which of 


many secondaries is responding since the primary may 
have many messages outstanding at various secondary 
stations. In addition to the specific secondary address, 
an address common to all secondaries may be used for 
various purposes. (An all 1s address field is usually used 
for this "All Parties" address.) Even though the primary 
may use this common address, the secondaries are ex· 
pected 
to 
respond 
with 
their 
unique 
address. 
The 


address field 
is always the first 
a bits following 
the 


opening flag. 


The a bits following 
the address field form the control 


field. The control field embodies the link·level control of 
SOLC. A detailed 
explanation 
of the commands 
and 


responses contained in this field is beyond the scope of 
this application 
note. Suffice it to say that it is in the 


control 
field that the implied acknowledgement 
is car- 


ried out through the use of frame sequence numbers. 
None of the currently available SOLC single chip con- 
trollers 
utilize the control field. They simply pass it to 


the processor 
for analysis. 
Readers wishing 
a more 


detailed explanation of the control field, or of SOLC in 
general, should consult the IBM documents referenced 
on the front page overleaf. 


In some types of frames, an information 
field follows 


the control field. Frames used strictly 
for link manage- 
ment mayor may not contain one. When an information 
field 
is used, it is unrestricted 
in both content 
and 


length. 
This 
code 
transparency 
is 
made 
possible 


because of the zero bit insertion mentioned earlier and 
the bit·oriented nature of SOLC. Even main memory core 
dumps may be transmitted 
because of this capability. 
This feature is unique to bit-oriented protocols. Like the 


The final field is the frame check sequence (FCS). The 
FCS is the 16 bits immediately 
preceding the closing 


flag. This 16·bit field is used for error detection through 
a Cyclic 
Redundancy 
Checkword 
(CRC). The 16-bit 


transmitted 
CRC is the complement 
of the remainder 


obtained when the A, C, and I fields are "divided" 
by a 


generating polynomial. The receiver accumulates the A, 
C, and I fields and also the FCS into its internal CRC 
register. At the closing flag, this register contains one 
particular 
number for an error·free reception. 
If this 


number is not obtained, the frame was received in error 
and should be discarded. Oiscarding the frame causes 
the station to not update its frame sequence numbering. 
This results in a retransmission 
after the station sends 


an acknowledgement 
from previous frames. [Unlike all 


other fields, the FCS is transmitted 
MSB (Most Signifi· 


cant Bit) first. The A, C, and I fields are transmitted 
LSB 


(Least Significant 
Bit) first.] The details of how the FCS 
is generated and checked is beyond the scope of this 
application 
note and since all single component SOLC 


controllers 
handle 
this 
function 
automatically, 
it 
is 


usually sufficient 
to know only that an error has or has 


not occurred. The IBM documents contain more detailed 
information 
for those readers desiring it. 


The closing flag terminates the frame. When the closing 
flag is received, the receiver knows that the preceding 
16 bits constitute the FCS and that any bits between the 
control 
field and the FCS constitute 
the information 


field. 


SOLC does not support an interframe time·fill character 
such as the SYN character in Bi·Sync. If an unusual con· 
dition 
occurs while transmitting, 
such as data is not 


available in time from memory or CTS (Clear·to·Send) is 
lost from the modem, the transmitter 
aborts the frame 


by sending an Abort character to notify the receiver to 
invalidate the frame. The Abort character consists 
of 


eight contiguous 
1s sent without zero bit insertion. In· 


traframe time-fill consists of either flags, Abort charac- 
ters, or any combination of the two. 


While the Abort character 
protects 
the receiver from 


transmitted 
errors, errors introduced 
by the transmis- 


sion medium are discovered at the receiver through the 
FCS check 
and a check 
for 
invalid 
frames. 
Invalid 


frames are those which are not bounded by flags or are 
too short, that is, less than 32 bits between flags. All in· 
valid frames are ignored by the receiver. 


Although SOLC is a synchronous 
protocol, it provides 


an optional feature that allows its use on basically asyn· 
chronous 
data 
links 
- 
NRZI 
(Non-Return-to-Zero- 


Inverted) coding. NRZI coding specifies that the signal 
condition 
does not change for transmitting 
a binary 1, 


while a binary 0 causes a change of state. Figure 2 i1lus· 
trates NRZI coding compared to the normal NRZ. NRZI 
coding guarantees that an active line will have a transi- 
tion at least every 5-bit times; long strings 
of zeroes 


cause a transition every bit time, while long strings of 1s 
are broken up by zero bit insertion. Since asynchronous 


operation requires that the receiver sampling clock be 
derived from the received data, NRZI encoding plus zero 
bit insertion make the design of clock recovery circuitry 
easier. 


All of the previous discussion 
has applied to SOLC on 


either point-to-point 
or multi-point data networks, SOLC 


(but not HOLC) also includes 
specification 
for a loop 


configuration. 
Figure 3 compares these three configura- 


tions. IBM uses this loop configuration 
in its 3650 Retail 


Store System. It consists of a single loop controller sta- 
tion with one or more down-loop secondary stations. 
Communications 
on a loop rely on the secondary sta- 
tions repeating a received message down loop with a 
delay of one bit time. The reason for the one bit delay 
will be evident shortly. 
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Loop operation 
defines 
a new special 
character: 
the 


EOP (End-of-PolI) character which consists 
of a 0 fol- 


lowed by 7 contiguous, non-zero bit inserted, ones. After 
the loop controller transmits a message, it idles the line 
(sends all 1s). The final zero of the closing flag plus the 
first 
7 1s of the 
idle form an EOP character. 
While 
repeating, the secondaries monitor their incoming line 
for an EOP character. When an EOP is detected, 
the 


secondary checks to see if it has a message to transmit. 
If it does, it changes the seventh 1 to a 0 (the one bit 
delay allows time for this) and repeats the modified EOP 
(now alias flag). After this flag is transmitted, 
the sec- 


ondary terminates 
its repeater function 
and inserts its 


message (with multiple 
preceding flags if necessary). 


After the closing flag, the secondary resumes its one bit 
delay repeater function. Notice that the final zero of the 
secondary's closing flag plus the repeated 1s from the 
controller 
form an EOP for the next down-loop 
sec- 


ondary, allowing it to insert a message if it desires. 


One might wonder if the secondary missed any mes- 
sages from the controller while it was inserting its own 
message. It does not. Loop operation is basically half- 
duplex. The controller 
waits until 
it receives an EOP 


before it transmits 
its next message. The controller's 


reception of the EOP signifies that the original message 
has propagated around the loop followed 
by any mes- 


sages inserted by the secondaries. Notice that second- 
aries cannot communicate with one another directly, all 
secondary-to-secondary 
communication 
takes place by 
way of the controller. 


Loop protocol does not utilize the normal Abort charac- 
ter. Instead, an abort is accomplished 
by simply trans- 
mitting 
a flag character. Oown loop, the receiver sees 


the abort as a frame which 
is either too short (if the 


abort occurred early in the frame) or one with an FCS 
error. Either 
results 
in a discarded 
frame. For more 


details 
on 
loop 
operation, 
please 
refer 
to the 
IBM 


documents 
referenced ea.rlier. 


Another protocol very similar to SOLC which the 8273 
supports is HOLC (High-Level Oata Link Control). There 
are only three basic differences between the two: HOLC' 
offers' extended 
address and control 
fields, 
and the 


HLOC Abort character is 7 contiguous 
1s as opposed to 


SOLC's 8 contiguous 
1s. 


Extended addressing, beyond the 256 unique addresses 
possible with SOLe, is provided by using the address 
field's 
least significant 
bit as the extended 
address 


modifier. The receiver examines this bit to determine if 
the octet 
should 
be interpreted 
as the final address 


octet. As long as the bit is 0, the octet that contains it is 
considered an extended address. The first time the bit is 
a 1, the receiver interprets that octet as the final address 
octet. Thus the address field may be extended to any 
number of octets. Extended addressing is illus!rated 
in 


Figure 4a. 


A similar technique 
is used to extend the control field 


although the extension is limited to only one extra con- 
trol octet. Figure 4b illustrates 
control field extension. 


Those readers not yet asleep may have noticed the simi- 
larity between the SOLC loop EOP character (a 0 follow- 
ed by 7 1s) and the HOLC Abort (7 1s). This possible in- 
compatibility 
is neatly handled by the HOLC protocol 


not specifying 
a loop configuration. 


This completes our brief discussion 
of the SOLC/HOLC 


protocols. 
Now let us turn to the 8273 in particular and 


discuss its hardware aspects through an explanation of 
the block diagram and generalized system schematics. 


BASIC 8273 OPERATION 


It will be helpful for the following 
discussions 
to have 


some idea of the basic operation 
of the 8273. Each 


operation, whether it is a frame transmission, 
reception 


or port read, etc., is comprised 
of three phases: the 


Command, 
Execution, 
and 
Result 
phases. 
Figure 
5 


shows the sequence of these phases. As an illustration 
of .this sequence, let us look at the transmit operation. 


When the CPU decides it is time to transmit a frame, the 
Command phase is entered by the CPU issuing a Trans- 
mit Frame command to the 8273. It is not sufficient 
to 


just instruct the 8273 to transmit. The frame level com- 
mand structure 
sometimes 
requires more information 


such as frame length and address and control field con- 
tent. Once this additional 
information 
is supplied, the 


Command phase is complete and the Execution phase 
is entered. It is during the Execution 
phase that the 


actual 
operation, 
in this 
case a frame transmission, 


takes place. The 8273 transmits the opening flag, A and 
C fields, the specified 
number of I field bytes, inserts 


the FCS, and closes with the closing flag. Once the clos- 
ing flag is transmitted, 
the 8273 leaves the Execution 


phase and begins the Result phase. Ouring the Result 
phase the 8273 notifies the CPU of the outcome of the 
command by supplying 
interrupt 
results. 
In this case, 


the results would be either that the frame is complete or 
that some error condition causes the transmission 
to be 


aborted. Once the CPU reads all of the results (there is 
only one for the Transmit Frame command), the Result 
phase and consequently 
the operation, 
is complete. 


Now that we have a general feeling for the operation of 
the 8273, let us discuss the 8273 in detail. 


HARDWARE ASPECTS OF THE 8273 


The 8273 block diagram is shown in Figure 6. It consists 
of two major interfaces: the CPU module interface and 
the 
modem 
interface. 
Let's 
discuss 
each 
interface 


separately. 
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RxORQ 


RxDACK 


DATA 
TRANSFER 
LOGIC 


READI 
WRITE! 
CONTROL 
LOGIC 


RESET----~t 
I 


o ClK 
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~------ 
DPLl 


-------- 
32XCLK 


CPU Interface 


The CPU interface 
consists 
of four major blocks: Con- 


trol/Read/Write 
logic 
(C/RIW), internal 
registers, 
data 


transfer 
logic, and data bus buffers. 


The CPU module utilizes the C/R/W logic to issue com- 
mands to the 8273. Once the 8273 receives a command 
and executes it, it returns the results (good/bad comple- 
tion) of the command 
by way of the C/RIW logic. The 


C/R/W logic is supported 
by seven registers which are 


addressed via the Ao, A1, RD, and WR signals, in addi- 
tion to CS. The Ao and A1 signals are generally derived 
from the two low order bits of the CPU module address 
bus while RD and WR are the normal I/O Read and Write 
signals 
found 
on the 
system 
control 
bus. 
Figure 
7 


shows the address 
of each register 
using the C/R/W 


logic. 
The 
function 
of 
each 
register 
is 
defined 
as 


follows: 


ADDRESS INPUTS 
CONTROL INPUTS 


A1 
Ao 
CS.RD 
CS.WR 


0 
0 
STATUS 
COMMAND 


0 
1 
RESULT 
PARAMETER 


1 
0 
TxllR 
TEST MODE 


1 
1 
RxllR 
- 


Command 
- 
8273 operations are initiated 
by writing 


the appropriate 
command byte into this register. 


Parameter 
- 
Many commands require more informa- 


tion 
than found 
in the command 
itself. 
This addi- 


tional information 
is provided by way of the param- 


eter register. 


Immediate 
Resu/t 
(Result) 
- 
The completion 
infor- 


mation 
(results) 
for commands 
which 
execute 
im- 


mediately are provided in this register. 


Transmit 
Interrupt 
Resu/t 
(TxIlR) 
- 
Results 
of 


transmit 
operations 
are passed to the CPU in this 


register. 


Receiver 
Interrupt 
Resu/t 
(Rx/IR) - 
Receive opera- 


tion results are passed to the CPU via this register. 


Status 
- 
The general status of the 8273 is provided 


in this 
register. 
The Status 
register 
supplies 
the 


handshaking 
necessary during various phases of the 


8273 operation. 


Test Mode - 
This register provides a software reset 


function 
for the 8273. 


The commands, 
parameters, and bit definition 
of these 


registers 
are discussed 
in the following 
software 
sec· 


tion. 
Notice 
that 
there 
are not 
specific 
transmit 
or 


receive data registers. 
This feature is explained 
in the 


data transfer logic discussion. 


The final elements of the CIRIW logic are the interrupt 
lines (RxINT and TxINT). These lines notify 
the CPU 


module that either the transmitter 
or the receiver reo 
quires 
service; i.e., results 
should 
be read from the 


appropriate interrupt result register or a data transfer is 
required. The interrupt 
request remains active until all 


the associated 
interrupt 
results have been read or the 


data transfer is performed. Though using the interrupt· 
lines relieves the CPU module of the task of polling the 
8273 to check if service is needed, the state of each 
interrupt line is reflected by a bit in the Status register 
and non·interrupt driven operation is possible by exam· 
ing the contents of these bits periodically. 


The 8273 supports 
two 
independent 
data interfaces 


through the data transfer logic; receive data and trans· 
mit data. These interfaces are programmable for either 
DMA or non·DMA data transfers. While the choice of the 
configuration 
is up to the system designer, it is based 


on the intended maximum data rate of the communica· 
tions channel. Figure 8 illustrates 
the transfer rate of 


data bytes that are acquired by the 8273 based on link 
data rate. Full·duplex data rates above 9600 baud usu· 
ally require DMA. Slower speeds mayor may not require 
DMA depending on the task load and interrupt response 
time of the processor. 


Figure 9 shows the 8273 in a typical DMA environment. 
Notice that a separate DMA controller, 
in this case the 


Intel 8257, is required. The DMA controller supplies the 
timing and addresses for the data transfers while the 
8273 manages the requesting of transfers and the actual 
counting 
of 
the 
data 
block 
lengths. 
In this 
case, 
elements of the data transfer interface are: 


TxDRQ: Transmit 
DMA Request 
- 
Asserted by the 


8273, this line requests a DMA transfer from memory 
to the 8273 for transmit. 


TxDACK: 
Transmit 
DMA Acknowledge 
- 
Returned 
by the 8257 in response to TxDRQ, this line notifies 
the 8273 that a request has been granted, and pro· 
vides access to the transmitter 
data register. 


RxDRQ: Receiver 
DMA Request 
- 
Asserted by the 


8273, it requests a DMA transfer from the 8273 to 
memory for a receive operation. 


TxDACK: Receiver DMA Acknowledge 
- 
Returned by 
the 8257, it notifies the 8273 that a receive DMA cycle 
has 
been 
granted, 
and 
provides 
access 
to 
the 


receiver data register. 


RD: Read - 
Supplied by the 8257 to indicate data is 


to be read from the 8273 and placed in memory. 


WR: Write - 
Supplied by the 8257 to indicate data is 


to be written to the 8273 from memory. 


To request a DMA transfer the 8273 raises the appropri· 
ate DMA request line; let us assume it is a transmitter 
request (TxDRQ). Once the 8257 obtains control of the 
system 
bus 
by way of 
its 
HOLD and 
HLDA (hold 


acknowledge) lines, it notifies the 8273 that TxDRQ has 
been 
granted 
by 
returning 
TxDACK 
and 
WR. The 


TxDACK and WR signals transfer data to the 8273 for a 
transmit, independent of the 8273 chip select pin (CS).A 
similar sequence of events occurs for receiver requests. 
This "hard select" of data into the transmitter or out of 


the receiver alleviates the need for the normal transmit 
and receive data registers addressed by a combination 
of 
address 
lines, 
CS, and WR or 
RD. Competitive 


devices that do not have this "hard select" 
feature reo 


quire the use of an external multiplexer 
to supply the 


correct inputs for register selection during DMA. (Do not 
forget that the SDLC controller sees both the addresses 
and control signals supplied by the DMA controller duro 
ing DMA cycles.) Let us look at typical frame transmit 
and frame receive sequences to better see how the 8273 
truly manages the DMA data trans·fer. 


Before a frame can be transmitted, the DMA controller is 
supplied, 
by tre 
CPU, the starting 
address 
for the 


desired information field. The 8273 is then commanded 
to transmit a frame. (Just how this is done is covered 
later during our software 
discussion.) 
After the com· 


mand, but before transmission 
begins, the 8273 needs a 


little 
more information 
(parameters). Four parameters 


are required for the transmit 
frame command: the ad· 


dress field byte, the control 
field byte, and two bytes 


which 
are the least sign'ificant 
and most significant 


bytes of the information field byte length. Once all four 
parameters are loaded, the 8273 makes RTS(Request-to- 
Send) active and waits for CTS (Clear·to·Send) to go ac- 
tive. Once CTS is active, the 8273 starts the frame trans· 
mission. While the 8273 is transmitting 
the opening flag, 


address field, and control field; it starts making trans· 
mitter DMA requests. These requests continue at char· 
acter (byte) boundaries until the pre·loaded number of 
bytes of information field have been transmitted. At this 
point the requests stop, the FCS and closing flag are 
transmitted, 
and the TxlNT line is raised, signaling the 


CPU that the frame transmission 
is complete. 
Notice 


that after the initial command and parameter loading, 
absolutely 
no CPU intervention 
was required 
(since 


DMA is used for data transfers) until the entire frame 
was transmitted. 
Now let's look at a frame reception. 


The receiver operation 
is very similar. 
Like the initial 


transmit sequence, the DMA controller 
is loaded with a 
starting address for a receiver data buffer and the 8273 
is commanded to receive. Unlike the transmitter, 
there 


are two different 
receive commands: General Receive, 


where all received frames are transferred 
to memory, 


and Selective Receive, where only frames having an ad- 
dress field matching 
one of two preprogrammed 8273 
address fields are transferred to memory. Let's assume 
for 
now that 
we want 
to general 
receive. After 
the 
receive command, two parameters are required before 
the receiver becomes active: the least significant 
and 
most significant 
bytes of the receiver buffer 
length. 


Once these bytes are loaded, the receiver is active and 
the CPU may return 
to other tasks. The next frame 
appearing at the receiver input is transferred to memory 
using receiver DMA requests. When the closing flag is 
received, the 8273 checks the FCS and raises its RxlNT 
line. The CPU can then read the results which indicate if 
the frame was error-free or not. (If the received frame 
had been longer than the pre-loaded buffer length, the 
CPU would have been notified of that occurrence earlier 
with a receiver error interrupt. The command description 
section 
contains 
a complete 
list of error conditions.) 


Like the transmit 
example, after the initial 
command, 
the CPU is free for other tasks until a frame is com- 
pletely 
received. These examples 
have illustrated 
the 
8273's management of both the receiver and transmitter 
DMA channels. 


It is possible to use the DMA data transfer interface in a 
non-DMA interrupt-driven environment. In this case, 4 in- 
terrupt levels are used: one each for TxlNT and RxINT, 
and one each for TxDRQ and RxDRQ. This configuration 
is shown 
in Figure 10. This configuration 
offers 
the 


advantages that no DMA controller 
is required and data 
requests are still separated from result (completion) re- 
quests. The disadvantages of the configuration 
are that 


4 interrupt levels are required and that the CPU must ac- 
tually supply the data transfers. This, of course, reduces 
the maximum data rate compared to the configuration 
based strictly 
on DMA. This system could use an Intel 


8259 8-level Priority Interrupt Controller to supply a vec- 
tored CALL (subroutine) address based on requests on 
its inputs. The 8273 transmitter 
and receiver make data 


requests by raising the respective DRQ line. The CPU is 
interrupted 
by the 8259 and vectored to a data transfer 


routine. This routine either writes (for transmit) or reads 
(for receive) the 8273 using the respective TxDACK or 
RxDACK line. As in the case above, the DACK lines 
serve as "hard" 
chip selects into and out of the 8273. 
(TxDACK + WR writes data into the 8273 for transmit. 
RxDACK + RD reads data from the 8273 for receive.) 
The CPU is notified of operation completion and results 
by way of TxlNT and RxlNT lines. Using the 8273, and 
the 8259, in this way, provides a very effective, yet sim- 
ple, interrupt-driven 
interface. 


Figure 
11 illustrates 
a system 
very similar 
to 
that 


described above. This system utilizes the 8273 in a non- 
DMA data transfer mode as opposed to the two DMA ap- 
proaches shown in Figures 9 and 10. In the non-DMA 
case, data transfer requests are made on the TxlNT and 
RxlNT lines. The DRQ lines are not used. Data transfer 
requests are separated from result requests by a bit in 


the Status register. Thus, in response to an interrupt, 
the CPU reads the Status register and branches to either 
a result or a data transfer routine based on the status of 
one bit. As before, data transfers are made via using the 
DACK lines 
as chip 
selects 
to the 
transmitter 
and 


receiver data registers. 
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Figure 12 illustrates 
the simplest 
system of all. This 


system utilizes polling for all data transfers and results. 
Since the interrupt 
pins are reflected 
in bits 
in the 


Status 
register, 
the 
software 
can 
read 
the 
Status 


register periodically looking for one of these to be set. If 
it finds an INT bit set, the appropriate 
Result Available 


bit is examined to determine if the "interrupt" 
is a data 


transfer or completion 
result. If a data transfer is called 


for, the DACK line is used to enter or read the data from 
the 8273. If the interrupt is a completion 
result, the ap- 


propriate result register is read to determine the good! 
bad completion 
of the operation_ 


The actual selection of either DMA or non-DMA modes 
is controlled 
by a command issued during initialization. 


This command is covered in detail during the software 
discussion_ 


The final block of the CPU module interface is the Data 
Bus Buffer. This block supplies 
the tri-state, 
bidirec- 


tional data bus interface to allow communication 
to and 


from the 8273. 


Modem Interface 


As the name implies, the modem interface is the modem 
side of the 8273. It consists 
of two major blocks: the 


modem control 
block and the serial data timing 
block. 


The modem control 
block provides both dedicated and 


user·defined modem control functions. 
All signals sup· 
ported 
by this 
interface 
are active 
low so that 
EIA 


inverting 
drivers 
(MC1488) 
and 
inverting 
receivers 


(MC1489) may be used to interface to standard modems. 


Port A is a modem control input port. Its representation 
on the data bus is shown in Figure 13. Bits Do and D, 
have dedicated functions. Doreflects the logical state of 
the CTS (Clear-to-Send) pin. [If CTS is active (low), Dois a 
1.] This signal is used to condition 
the start of a trans- 
mission. 
The' 8273 waits until CTS is active before it 


starts transmitting 
a frame. While transmitting, 
if CTS 


goes inactive, the frame is aborted and the CPU is inter- 
rupted. When the CPU reads the interrupt result, a CTS 
failure is indicated. 


D1 reflects 
the logical state of the CD (Carrier Detect) 


pin. CD is used to condition 
the start of a frame recep- 


tion. CD must be active in time for a frame's address 
field. If CD is lost (goes inactive) while receiving a frame, 
an interrupt 
is generated with a CD failure result. CD 


may go inactive between frames. 


Bits D2 thru D4 reflect the logical state of the PA2 thru 
PA4 pins respectively. 
These inputs are user defined. 
The 8273 does not interrogate or manipulate these bits. 
Bits D5, D6,and D7 are not used and each is read as a 1 
for a Read Port A command. 


Port B is a modem control 
output 
port. Its data bus 


representation 
is shown in Figure 14. As in Port A, the 


bit values represent the logical condition 
of the pins. Do 


and D5 are dedicated 
function 
outputs. 
Do represents 


the RTS (Request·to·Send) pin. RTS is normally used to 
notify the modem that the 8273 wishes to transmit. This 
function 
is handled automatically 
by the 8273. If RTS is 


inactive (pin is high) when the 8273 is commanded to 
transmit, 
the 8273 makes it active and then waits for 


CTS before transmitting 
the frame. One byte time after 


the end of the frame, the 8273 returns RTS to its inactive 
state. However, if RTS was active when a transmit com- 
mand is issued, the 8273 leaves it active when the frame 
is complete. 


Bit D5 reflects the state of the Flag Detect pin. This pin 
is activated 
whenever an active 
receiver sees a flag 


character. This function 
is useful to activate a timer for 


line activity timeout purposes. 


Bits D, thru D4 provide four user-defined outputs. 
Pins 


PB1 thru PB4 reflect the logical state of these bits. The 
8273 does not interrogate 
or manipulate these bits. D6 
and D7 are not used. In addition to being able to output 
to Port B, Port B may be read using a Read Port B com- 
mand. All Modem control output pins are forced high on 


reset. (All commands 
mentioned 
in this 
section 
are 


covered in detail lateL). 


The final block to be covered is the serial data timing 
block. This block contains two sections: the serial data 
logic and the digital phase locked loop (DPLL). 


Elements of the serial data logic section 
are the data 


pins, TxD (transmit data output) and RxD (receive data 
input), and the respective data clocks, TxC and RxC. The 
transmit 
and receive data is synchronized 
by the TxC 


and RxC clocks. 
Figure 15 shows the timing 
for these 


signals. The leading edge (negative transition) 
of TxC 


generates 
new transmit 
data and 
the 
trailing 
edge 


(positive 
transition) 
of 
RxC is used 
to 
capture 
the 


receive data. 


It is possible to reconfigure this section under program 
control to perform diagnostic 
functions; 
both data and 


clock loopback are available. In data loopback mode, the 
TxD pin is internally 
routed to the RxD pin. This allows 


simple board checkout since the CPU can send an SDLC 
message to itself. (Note that transmitted 
data will still 


appear on the TxD pin.) 
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When data loopback 
is utilized, the receiver may be 


presented incorrect sample timing (RxC) by the external 
circuitry. 
Cloc.k loopback overcomes. this problem by 


allowing the internal routing of TxC and RxC. Thus·the 
same clock used to t.ransmit the data is used to receive 
it. Examination of Figure 15 shows that this method en- 
sures bit synchronism. 
The final element of the serial 
data logic is the Digital Phase l,ocked loop. 


The DPll 
provides a means of clock reco.very from the 


received data stream. This feature allows the 8273 to in- 
terface without external synchronizing log-ic to low cost 
asynchronous 
modems (modems which do not supply 


clocks). It also makes the problem of clock. timing 
in 


loop configurations 
trivial. 


To use the DPll, 
a clock at 32 times the required baud 


rate must be supplied to the 32 x ClK 
pin. This clock 


provides the interval that the DPll 
samples the received 


data. The DPll 
uses the .32x 
clock and the received 


data to generate a pulse '~t the DPll 
output pin. This 


DPll 
pulse is positioned 
at the no~inal 
center of the 


received data bit cell.. Thu.s the DPll 
output 
may be 


wired to RxC and/or TxC to supply the data timing. The 
exact position of the pulse is varied de'pending on the 
line noise and bit distortion of the received data. The ad- 
justment of the DPll 
position is determined according 


to the rules outlined in Figure 16. 


Adjustments 
to the sample phase of DPll 
with respect 


to the received data is made in discrete 
increments. 
Referring 
to 
Figure 
16, following 
the"occurrence 
of 


DPll 
pulse A, the DPll 
counts 32·x ClK pulses and ex- 


amines the received data for a data edge. Should no 
edge be detected in 32 pulses, the DPll 
positions 
the 


next DPll 
pulse (8) at 32 clock pulses from pulse A. 


Since no new phase information is contained in the data 
stream, the sample phase is assumed to be at nominal 
1x 
baud rate. Now assume a data edge occurs after 


DP1I pul~e B. The distance from 8 to the next pulse Cis 
influenced according to which quadrant (A" 
8" 
82, or 


A2) the data edge falls in. (ECiChquadrant represents 8 
32 x ClK time.s.) For example, if the edge is detected in 
quadrant A" it is apparent that pulse B was too close to 
the data edge and the time to the next pulse must be 
shortened. The adjustment for quadrant A, is specified 
as - 2. Thus, the next'i5P[[ 
pulse, pulse C, is posi- 


tioned 
32 - 2 or. 30 32 x ClK 
pulses 
following 
DPll 


pulse 8. This adjustment 
moves pulse C closer to the 


nominal bit center of the next received data cell. A data 
edge o'ccurring in quadrant B2 would have caused the 
adjustment 
to be small, namely 32+ 1 or 33 32 x ClK 


pulses. Using this technique, the DPll 
pulse converges 


to the nomin'al bit center within 
12 data transitions, 


worse case - 
4·bit times adjusting through quadrant A, 


or A2 and 8-bit times adjusting through 8, or 82, 
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When the receive data stream goes idle after 15 ones, 
DPLL pulses are generated at 32 pulse intervals of the 
32x CLK. This feature allows 
the DPLL pulses to be 


used as both transmitter 
and receiver clocks. 


In order to guarantee sufficient 
transitions 
of the re- 
ceived data to enable the DPLL to lock, NRZI encoding 
of the data is recommended. This ensures that, within a 
frame, data transitions 
occur at least every five bit times 


- 
the longest sequence of 1s which may be transmitted 


with zero bit insertion. 
It is also recommended 
that 


frames following 
a line idle be transmitted 
with 
pre- 
frame sync characters which provide a minimum of 12 
transitions. 
This ensures that the DPLL is generating 


DPLL pulses at the nominal bit centers in time for the 
opening 
flag. (Two OOHcharacters 
meet this 
require- 
ment by supplying 
16 transitions 
with NRZI encoding. 


The 8273 contains 
a mode which supplies such a pre- 


frame sync.) 


Figure 17 illustrates 
8273 clock configurations 
using 


either synchronous 
or asynchronous 
modems. Notice 


how the DPLL output is used for both TxC and RxC in 
the asynchronous 
case. This feature 
eliminates 
the 


need for external clock generation logic where low cost) 
asynchronous 
modems are used and also allows direct 


connection 
of 8273s for the ultimate 
in low cost data 


links. The configuration 
for loop applications 
is dis- 
cussed in a following 
section. 


This completes our discussion of the hardware aspects 
of the 8273. Its software aspects are now discussed. 


SOFTWARE ASPECTS OF THE 8273 


The software aspects of the 8273 involve the communi- 
cation of both commands from the CPU to the 8273 and 
the return of results of those commands from the 8273 


to the CPU. Due to the internal processor architecture of 
the 8273, this CPU-8273 communication 
is basically a 


form of interprocessor 
communication. 
Such communi- 


cation usually requires a form of protocol 
of its own. 


This protocol is implemented through use of handshak- 
ing supplied in the 8273 Status register. The bit defini- 
tion of this register is shown in Figure 18. 


CBSY: Command 
Busy - 
CBSY indicates when the 


8273 is in the command phase. CBSY is set when the 
CPU writes a command into the Command register, 
starting the Command phase. It is reset when the last 
parameter is deposited in the Parameter register and 
accepted 
by the 8273, completing 
the Command 


phase. 


CBF: Command 
Buffer 
Full - 
When set, this bit in- 


dicates 
that 
a byte 
is present 
in the 
Command 


register. This bit is normally not used. 


CPBF: Command 
Parameter Buffer Full - 
This bit in- 


dicates 
that 
the 
Parameter 
register 
contains 
a 


parameter. 
It 
is 
set 
when 
the 
CPU deposits 
a 


parameter in the Parameter register. It is reset when 
the 8273 accepts the parameter. 


CRBF: Command 
Result Buffer Full - 
This bit is set 


when the 8273 places a result from an immediate 
type command in the Result register. It is reset when 
the CPU reads the result from the Result register. 


RxINT: Receiver Interrupt 
- 
The state of the RxlNT 


pin is reflected by this bit. RxlNT is set by the 8273 
whenever the receiver needs servicing. RxlNT is reset 
when the CPU reads the results or performs the data 
transfer. 


TxINT: Transmitter 
Interrupt 
- 
This bit is identical to 


RxlNT except action is initiated based on transmitter 
interrupt sources. 
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RxIRA: Receiver Interrupt 
Result Available 
- 
RxlRA 
is set when the 8273 places an interrupt 
result byte 


into the Rxl/R register. RxlRA is reset when the CPU 
reads the RxllR register. 


TxIRA: 
Transmitter 
Interrupt 
Result 
Available 
- 


TxlRA is the corresponding 
Result Available bit for 


the transmitter. 
It is set when the 8273 places an in-' 


terrupt 
result 
byte in the TxllR register 
and reset 


when the CPU reads the register. 


The significance 
of each of these bits will be evident 


shortly. 
Since 
the software 
requirements 
of each 


8273 phase are essentially 
independent, each phase 


is covered separately. 


rxlRA 
- 
hiNT 
RESULT 
AVAILABLE 


RdRA 
- 
RdNT 
RESULT 
AVAILABLE 


hiNT 
_ 
h 
INTERRUPT 


R~INT 
- 
R. 
INTERRUPT 


CRBF 
- 
COMMAND 
RESULT 


- 
BUFFER 
FULL 


CPBF - 
COMMAND PARAMETER 
BUFFER 
FULL 


---------CBF 
_ COMMAND 
BUFFER 
FULL 


casy 
- 
COMMAND 
BUSY 


Recalling the Command phase description 
in an earlier 


section, the CPU starts the Command phase by writing a 
command byte into the 8273 Command register. If fur- 
ther information 
about the command is required by the 


8273, the CPU writes this information 
into the Parameter 


register. 
Figure 
19 is a flowchart 
of the Command 


phase. Notice 
that 
the CBSY and CPBF bits 
of the 


Status 
register 
are used to handshake the command 


and parameter bytes. Also note that the chart shows 
that a command may not be issued if the Status register 
indicates the 8273 is busy (CBSY = 1). If a command is 
issued while CBSY = 1, the original 
command 
is over- 
written 
and lost. (Remember that CBSY signifies 
the 


command phase is in progress and not the actual execu- 
tion of the command.) The flowchart 
also includes 
a 


Parameter buffer full check. The CPU must wait until 
CPBF = 0 before writing 
a parameter to the Parameter 


register. 
If a parameter 
is issued while CPBF = 1, the 


previous parameter is overwritten and lost. An example 
of command output assembly language software is pro- 
vided in Figure 20a. This software assumes that a com- 
mand buffer exists in memory. The buffer is pointed at 
by the HL register. Figure 20b shows the command buf- 
fer structure. 


The 8273 is a full duplex device, i.e., both the transmitter 
and receiver may be executing commands or passing in- 
terrupt results at any given time. (Separate Rx and Tx in- 
terrupt 
pins and result registers 
are provided for this 


reason.) However, there is only one Command register. 
Thus, the Command register must be used for only one 
command sequence at a time and the transmitter 
and 


receiver may never be simultaneously 
in a command 


phase. A detailed 
description 
of the commands 
and 


their parameters is presented in a following 
section. 


; FUNCTION: 
COMMAND DISPATCHER 
;INPUTS: 
HL 
- 
COMMAND 
BUFF£:R 
ADDRESS 
; OUTPUTS: 
NONE 


; CALLS: 
NONE 


;DESTRors: 
A,B,H,L,F/F'S 


; DESCRIPTION: 
CMDOUT 
ISSUES 
THE 
COMMAND 
+ 
PARAMETERS 


; IN 
THE 
COMMAND 
BUFFER 
POINTED 
AT 
BY 
HL 
; 
CMDOUT; 
LXI 
MOV 
INX 
CMDI: 
IN 
RLC 
JC 
MOV 
OUT 


CMD2: 
MOV 
ANA 
RZ 
INX 
OCR 


CMD3: 
IN 
ANI 
JNZ 
MOV 
OUT 
JHP 


H,CMDBUF;POINT 
HL 
AT 
BUFFER 


B,M 
; 1ST 
ENTRY 
IS 
PAR. 
COUNT 


H 
; POINT 
AT 
COMMAND 
BYTE 


STAT71 
;READ 
8271 
STATUS 


;ROTATE 
easy 
INTO 
CARRY 


CMol 
;WAIT 
UNTIL 
CBSY""0 


A,M 
iMOVE 
COMMAND 
BYTE 
TO 
A 


COMM?:1 
i PUT 
COMMAND 
IN 
COMMAND 
REG 


A,B 
;GET 
PARAM.ETER 
COUNT 


A 
iTf.:ST 
IF 
ZERO 
; If 
0 
THEN 
DONE 
H 
; NOT 
DONE, 
SO 
POINT 
AT 
NEXT 
PAR 


B 
~DEe 
PARAMETER 
COUNT 


STAT7] 
;READ 
8271 
STATUS 


CPBF 
iTEST 
CPBF 
BIT 
CMo3 
iWAIT 
UNTIL 
CPBF 
IS 
0 


A,H 
iGET 
PARAMETER 
FROM 
BUFFER 


PARM?3 
iOUTPUT 
PAR 
TO 
PARAMETER 
REG 


CMo2 
iCH£CK 
IF 
MO.RE 
PARAMETERS 


+4 


+3 


+2 


+1 


CMDBUF: 


PARAMETER 
3 


PARAMETER 
2 


PARAMETER 
1 


COMMAND 


PARAMETER 
COUNT 


Execution 
Phase Software 


During the Execution phase, the operation specified by 
the Command phase is performed. If the system utilizes 
DMA for data transfers, 
there is no CPU involvement 
during this phase, so no software 
is required. If non- 


DMA data transfers are used, either interrupts or polling 
Is used to signal a data transfer request. 


For interrupt-driven transfers the 8273 raises the appro- 
priate INT pin. When responding to the interrupt, 
the 
CPU must determine whether it is a data transfer 
re- 
quest or an interrupt signaling that an operation is com- 
plete and results are available. The CPU determines the 
cause by reading the Status register and interrogating 
the associated 
IRA (Interrupt Result Available) bit (Tx- 
IRA for TxlNT and RxlRA for RxINT).lf the IRA = 0, the in- 
terrupt 
is a data transfer 
request. 
If the IRA= 1, an 
operation 
is complete 
and the associated 
Interrupt 
Result register must be read to determine the comple- 
tion status (good/bad/etc.). A software interrupt handler 
implementing 
the above sequence is presented as part 
of the Result phase software. 


When polling is used to determine when data transfers 
are 
required, 
the 
polling 
routine 
reads 
the 
Status 


register looking for one of the INT bits to be set. When a 
set INT bit is found, the corresponding 
IRA bit is ex- 
amined. like in the interrupt-driven case, if the IRA = 0, a 
data transfer is required. If IRA= 1, an operation is com- 
plete and the Interrupt Result register needs to be read. 
Again, example polling software is presented in the next 
section. 


Result 
Phase Software 


During the Result phase the 8273 notifies the CPU of the 
o~tcome of a command. The Result phase is initiated by 
either a successful completion of an operation or an er- 
ror detected during execution. Some commands such 
as reading or writing 
the I/O ports provide immediate 


results, that is, there is essentially 
no delay from the 


issuing of the command and when the result is avail- 
able. Other commands 
such as frame transmit 
take 


time to complete 
so their result 
is not available im- 


mediately. 
Separate result 
registers 
are provided 
to 


distinguish 
these two types of commands and to avoid 


interrupt handling for simple results. 


Immediate results are provided in the Result register. 
Validity of information in this register is indicated to the 
CPU by way of the CRBF bit in the Status register. When 
the CPU completes 
the Command 
phase of an im- 


mediate command, it polls the Status register waiting 
until CRBF = 1. When this occurs, the CPU may read the 


Result 
register 
to obtain 
the immediate 
result. 
The 


Result register provides only the results from immedi- 
ate commands. 


Example software 
for handling 
immediate 
results 
is 


shown in Figure 21. The routine returns with the result 
in the accumulator. The CPU then uses the result as is 
appropriate. 


All non-immediate commands deal with either the trans- 
mitter or receiver. Results from these commands are 
provided in the Txl/R (Transmit Interrupt 
Result) and 


Rxl/R (Receive Interrupt Result) registers respectively. 
Results in these registers are conveyed to the CPU by 
the TxlRA and RxlRA bits of the Status register. Results 
of non-immediate commands consist of one byte result 
interrupt code indicating the condition for the interrupt 
and, if required, one or more bytes supplying additional 
information. The interrupt codes and the meaning of the 
additional 
results 
are covered following 
the detailed 


command description. 


Non-immediate 
results 
are 
passed 
to 
the 
CPU 
in 


response to either interrupts 
or polling of the Status 


register. Figure 22 illustrates 
an interrupt-driven 
result 


handler. (Please note that all of the software presented 
in this application note is not optimized for either speed 
or cod~ efficiency. They are provided as a guide and to 
illustrate concepts.) This handler provides for interrupt- 
driven data transfers as was promised in the last sec- 
tion. Users employing DMA-based transfers do not need 
the lines where the IRA bit is tested for zero. (These 
lines are denoted by an asterisk in the comments col- 
umn.) Note that the INT bit is used to determine when all 
results have been read. All results must be read. Other- 
wise, the INT bit (and pin) will remain high and further in- 
terrupts 
may be missed. 
These 
routines 
place 
the 
results 
in a result buffer 
pointed at by RCRBUF and 


TxRBUF. 


A typical result handler for systems utiliZing polling is 
shown in Figure 23. Data transfers are also handled by 
this routine. This routine utilizes the routines of Figure 
22 to handle the results. 


At this point, the reader should have a good conceptual 
feel about how the 8273 operates. It is now time for the 
particulars of each command to be discussed. 


FUNCTION: 
!MORLT 


INPUTS: 
NO~E 
UU'l'PU'l'S: 
N.t::SULT 
kEGIS1'1:;R 
IN 
A 
CALL~: 
!'lONf:: 
D£S'UWYS: 
A,F/F'S 
Dl:.SCf(IPTIO!'ol: 
IMCRLT 
IS 
CALLED 
AF'l'lR 
A 
CHOOUT 
FOR 
AN 


IMMl.[,IATE 
CUM"'A(I.j[, 
TO 
READ 
1'H1:; 
ftESULT 
REGISTER 


MCf<L'l': 
IN 
ANI 
JZ 
IN 
hl:.'f 


STA!'71 
Ckl3F 
IMDRL'l' 
RESL 
71 
;k£.'IURN 


;Rl:.AD 8271 
STA'l'U5 
; 'I'l:.ST 
1 f' 
HESULT 
REG 
RlADY 
;hAIT 
IF 
CNBFz0 
;f<lAr:. 
RESULT 
REGISTER 


ADDI 


;FUNCTION: 
RXI 
- 
INTERRUPT 
DRIVEN 
RESULT/DATA 
HANDLER 


;INPUTS: 
ReReUF, 
RCVPNT 
; CALLS: 
NONE 
;ou'rpUTS: 
ReRBUF, 
RCVPNT 
,DESTROYS: 
NOTHING 


;DESCRIPTION: 
RXI 
IS 
ENTERED 
AT 
A 
RECEIVER 
INT~RRUPT. 


,THE 
INTERRUPT 
IS 
TESTED 
FOR 
DATA 
TRANSFER 
(IRA-0) 
lOR 
RESULT 
(iRAel). 
FOR 
DATA 
TRANSFER, 
THE 
DATA 
IS 
;PLACED 
IN 
A 
BUFFER 
AT 
RCVPNT. 
RESULTS 
ARE 
PLACED 
IN 
;A 
BUFFER 
AT 
ReRSUF. 


,A 
FLAG 
(RXFLAG) 
IS 
SET 
IF 
THE 
INTERRUPT 
WAS 
A 
RESULT. 


; (DATA 
TRANSFER 
INSTRUCTIONS 
ARE 
DENOTED 
BY 
(.) 
AND 


:MAYBE 
ELIMINATED 
BY 
USERS 
USING 
CHA. 


PUSH 
PUSH 
PUSH 
IN 
ANI 
JZ 
LHLD 
IN 
ANI 
JZ 
IN 
ANI 
JZ 
IN 
MOV 
INX 
SHLD 
JMP 
SHLD 
IN 
MOV 
INX 
JMP 
MVI 
STA 
POP 
POP 
POP 
EI 
RET 


H 
PSW 
a 
STAT7l 
RXIRA 


RXI2 
RCRBUF 
STAT7l 
RXINT 
RXI4 
STAT7l 
RXIRA 
RXII 
RXIR71 
M,A 
H 
RC"aUf' 
RXII 
RCVPf04T 
RCVLiAT 
M,A 
H 
RXIl 
A/01H 
!<XFLAG 
8 
PSw 
H 
: E~ABLE 
iDONE 


;SAVE 
HL 
;SAVE 
PSW 


:SAVE 
B 
; 
('*) 
REAG 
8271 
STA1'US 
; 
('*) 
TI;;ST 
IRA 
Bll' 


; 
( .•.) 
IF", 
DA'l'A 
TRANSFEk 
N.I;.EDED 


;GE'r 
RESUL'l' 
BUFFEfl. 
POIN'l'I:.:R 


; READ 8271 
S'l'Al'US 
ACAI~ 


:TEST 
INT 
BI'l' 


iIF 
0, 
'1'Hlt-l 
CONE 
iREAD 
8271 
S'l'ATUS 
AGAIN 
iTEST 
IRA 
AGAIN 


iLOOP 
UN'l'IL 
RlSULT 
IS 
READY 
iREADY, 
READ 
RXI/R 
:STORE 
RESULT 
It-l 
BUFFER. 


:BUMP 
RESULT 
POINTER 
: RESTORE 
BUFFER 
POIN1'ER 
iGO 
BACK 
TO 
SEE 
IF 
MOkE 
(.) 
GI:::r 
DATA 
BUFFER 
POINTER 


i 
(.) 
RE-AD 
DA1'A 
VIA 
RXDACK 


: 
(.) 
s1'ORE 
DATA 
IN 
BLJFFEk 
; 
(.) 
BUMP 
DATA 
POlt-lTER 


i 
(.) 
CONE 
;S£T 
RX 
FLAG 
TO 
SHOW 
COMPLE1'ION 
iCOMPLE;TIOfli 
i RESTORE 
BC 
i RESTORE. 
PSw 
; RESTORL 
HL 
INTERRUPT~ 


; FlitllC'l'IvN: 
'1 Xl 
- 
I~TLkkUPT 
ORI 
VEN 
Rf.SULT/DATA 
HANDLER 
i INPUTS: 
'l'XkBUf, 
TXPNT, 
1'XFLAG 
:OUTPU1'S: 
TXRBur, 
TXPNT, 
TXFLAG 


:c.:ALL~: 
NONE. 


i Dl:.STl<UY$: 
NOTH ING 


:L.l:.::iCRIPTIUN: 
TXI 
IS 
ENTERBD 
AT 
A 
TRAlIlSMI'l'TER 
INTERRUPT. 


i111£' 
ItIlTERRUPT 
IS 
TE.5'I'ED 
BY 
WAY 
OF 
1'HE 
IRA 
BIT 
TO 
SEE 
; If 
A 
CATA 
'l'RANSFl:.R 
OR 
RESULT 
COMPLE'UON 
HAS 
OCCURED. 


iFON 
DATA 
1'RANSFER5 
(INAz"), 
THB 
DA1'A 
IS 
OBTAINED 
FROM 


iA 
BUFFJ:.,k 
LOCATION 
PUINTED 
AT 
BY 
TXPN'l'. 
FOR 
COMPLETION, 


i (IRA:l), 
TdE 
RESULTS 
ARE 
READ 
AND 
PLACED 
AT 
A 
RESULT 


; &UFFl::.R 
POIt-lTEC 
AT 
BY 
TXRBUF, 
AND 
THE 
TXFLAG 
IS 
SET 


;'10 
It-lLICA'l£ 
TU 
THE. 
MAIN 
PROGRAM 
THAT 
A 
OPERATION 
IS 


:COMPLlTf... 
TX 
OPERATIONS 
HAVE 
ONLY 
ONE 
RESULT. 


iLA1'A 
TRANSFER 
INSTRUCTIONS 
ARE 
DENOTED 
BY 
C-). 
THESE 


il'IAYBl::. 
REMUVlC 
BY 
USlRS 
USING 
DMA. 


PUSH 
PliSd 
IN 
ANI 
JZ 
IN 
LHLC 
MOV 
INX 
SHLD 
MVI 
S'fA 
POP 
f'OP 
f.I 
RtT 
LHLO 
MOV 
OUT 
INX 
SHLC 
JMP 


H 


PSW 
STAT71 
TXIRA 
TXI2 
'l'XIR71 
TXRBUF 
M,A 
H 
TXRBUF 
A,01H 
TXFLAG 
PS\oi 


H 
: ENABLE 
;DONE 
TXPNT 
A,M 
TXDATA 
H 
TXPNT 
TxIl 


iSAVE 
HL 


iSAVE 
PSW 


i 
(-) 
RE.AD 
8271 
STATUS 
: 
(.) 
TEST 
TXIRA 
BIT 
; 
(.) 
IF 
0, 
DATA 
TRANSFER 
; 1, 
THEN 
REAIJ 
TXIR 
: GET 
RESULT 
BUFFER 
POINTER 


iSTORE 
RESULT 
IN 
BUFFER 
;BUMP 
RESULT 
POINTER 
i RESTORE 
RESULT 
POINTER 


:SET 
TXFLAG 
TO 
SHOft 
COMPLETION 


:SET 
FLAG 
: RESTORE 
PSW 
i RESTORE 
HL 
It-lTERRUPTS 


(.) 
GET 
DATA 
POINTER 
(.) 
GET 
DATA 
FROM 
BUFFER 


(-) 
OUTPUT 
TO 
8271 
VIA 
TXDACK 
(.) 
BUMP 
DATA 
POINTER 


C -) 
RESTORE 
POINTER 


(-) 
RETURN 
AFTER 
RESTORE 


Figure 
22. 
Interrupt·Orl.en 
Result 
Hendlers 


with 
Non·OMA 
Oete Trenslers 


II"ATln 
••IC:~ 
iDESTROYS: 
B,C 
,Of.SCRIPTION: 
POLOP 
IS 
CALLED 
TO 
POLL 
THE 
827l 
FOR 


; DATA 
TRANSFERS 
AND 
COMPLETION 
RESULTS. 
THE 
; ROU1'INES 
TXI 
AND 
RXI 
ARE 
USED 
FOR 
THE 
ACTUAL 
;TRANSFERS 
AND 
BUFFt:R 
WORK. 
POLOP 
RETURNS 


:ThE 
S1'ATyS 
OF 
THEIR 
ACTION. 


paLOi': 
PUSh 
PSW 
iSAVE 
PSW 


MVI 
C,0"H 
iCLEAR 
C 


POLOPl 
: 
IN 
STAT71 
iREAD 
827l 
STATUS 


ANI 
IN'!' 
:ARE 
TXINT 
OR 
RXINT 
SET? 


JZ 
PEXI'!' 
iNO, 
EXIT 
IN 
STA1'7l 
:READ 
827l 
STATUS 


ANI 
RXINT 
;TLST 
RX 
INT 


JNZ 
RXIC 
: YES, 
GO 
SERVICE 
RX 
CALL 
TXI 
;MUST 
BE 
TX, 
GO 
SERVICE 
IT 


LOA 
TXFLAG 
iCE1' 
TX 
FLAG 
CPI 
0IH 
iWAS 
IT 
A 
COMPLETION? 
(01) 


JNZ 
PEXIT 
iNO, 
so 
JUST 
EXIT 


INR 
C 
i YlS, 
UPDATE 
C 


INk 
C 


JMP 
POLOPI 
:TRY 
AGAIN 


kXIC: 
CALL 
RXI 
iGO 
SERVICE 
RX 


LOA 
RXFLAG 
,GET 
RX 
FLAG 


CPI 
~lH 
iwAS 
IT 
A 
COMPLETION? 
(01) 
JNZ 
PEXIT 
iNO, 
SO 
JUST 
EXIT 


INR 
C 
; YES, 
UPDATE 
C 


JMP 
POLOPI 
;TRY 
AGAIN 


PEXIT: 
POP 
PSW 
; RlS1'OR£ 
PSW 
Rl1' 
:RETURt-l 
\otITH 
COMPo 
STATUS 
IN 
C 


Figure 23. Polling 
Result 
Hendler 


8273 COMMAND 
DESCRIPTION 


In this section, each command is discussed 
in detail. In 


order to shorten the notation, 
please refer to the com- 


mand key in Table 1. The 8273 utilizes 
five different 
command 
types: 
Initialization/Configuration, 
Receive, 


Transmit, Reset, and Modem Control. 


Initialization/Configuration 
Commands 


The Initialization/Configuration 
commands 
manipulate 


registers 
internal 
to the 8273 that define 
the various 


operating 
modes, These commands 
either set or reset 
specified 
bits in the registers depending on the type of 
command. 
One parameter 
is required. 
Set commands 


perform a logical OR operation of the parameter (mask) 
and the internal register. This mask contains 
1s where 


register 
bits are to be set. A 0 in the mask causes no 
change 
in the corresponding 
register 
bit. Reset com- 


mands perform a logical AND operation 
of the param- 


eter (mask) and the internal register, I.e., the mask is 0 to 
reset a register bit and a 1 to cause no change. Before 
presenting 
the commands, 
the register 
bit definitions 
are discussed. 


Bo, B, 
Ro, R, 
La, L, 


A" 
A2 


RIC 
TIC 
A 
C 


LSB AND 
MSB OF RECEIVE 
BUFFER 
LENGTH 


LSB AND 
MSB OF RECEIVED 
FRAME 
LENGTH 


LSB AND 
MSB OF TRANSMIT 
FRAME 
LENGTH 


MATCH 
ADDRESSES 
FOR SELECTIVE 
RECEIVE 


RECEIVER 
INTERRUPT 
RESULT 
CODE 
TRANSMITTER 
INTERRUPT 
RESULT 
CODE 


ADDRESS 
FIELD 
OF RECEIVED 
FRAME 


CONTROL 
FIELD 
OF RECEIVED 
FRAME 


DrDs: 
Not Used - 
These bits 
must 
not be manipu- 


lated by any command; 
i.e., DrDs 
must be 0 for 
the Set command 
and 1 for the Reset command. 


HDLC Abort - 
When this bit is set, the 8273 will 
interrupt 
when 7 1s (HDLC Abort) are received 
by an active 
receiver. 
When 
reset, 
an SDLC 


Abort (8 1s) will cause an interrupt.· 


EOP Interrupt 
- 
Reception 
of an EOP character 


(0 followed 
by 7 1s) will cause the 8273 to inter- 


rupt 
the CPU when 
this 
bit 
is set. 
Loop con- 


troller 
stations 
use this mode as a signal that a 


polling 
frame has completed 
the loop. No EOP 


interrupt 
is generated 
when this bit is reset. 


Early Tx Interrupt 
- 
This bit specifies 
when the 


transmitter 
should 
generate an end of frame in- 


terrupt. 
If this 
bit is set, an interrupt 
is gener- 
ated 
when 
the 
last 
data 
character 
has been 


passed to the 8273. If the user software 
issues 


another 
transmit 
command 
within 
two 
byte 


times, the final flag interrupt 
does not occur and 


the new frame is transmitted 
with only one flag 


of separation. 
If this restriction 
is not met, more 


than 
one flag 
will 
separate 
the frames 
and a 


frame complete 
interrupt 
is generated 
after the 


closing 
flag. If the bit is reset, only the frame 


complete 
interrupt 
occurs. 
This bit, when set, 


allows 
a single 
flag 
to separate 
consecutive 


frames. 


Buffered 
Address 
and Control 
- 
When set, the 


address 
and control 
fields 
of received 
frames 


are buffered 
in the 8273 and passed to the CPU 


as results 
after a received frame interrupt 
(they 
are not transferred 
to memory with the informa- 


tion 
field). 
On transmit, 
the A and C fields 
are 


passed 
to the 8273 as parameters. 
This 
mode 


simplifies 
buffer 
management. 
When this bit is 


reset, the A and C fields are passed to and from 
memory as the first two data transfers. 


Preframe 
Sync - 
When set, the 8273 prefaces 


each 
transmitted 
frame 
with 
two 
characters 
before 
the opening 
flag. These two characters 


provide 
16 transitions 
to allow 
synchronization 


of the opposing 
receiver. To guarantee 
16 tran- 
sitions, 
the two characters 
are 55H-55H for non- 


NRZI mode (see Serial 110 Register description) 
or OOH-OOH for 
NRZI 
mode. 
When 
reset, 
no 
preframe 
characters 
are transmitted. 


Ffag Stream 
- 
When set, the transmitter 
will 


start 
sending 
flag characters 
as soon as it is 


idle; i.e., immediately 
if idle when the command 
is issued or after a transmission 
if the transmit- 


ter is active when this bit is set. When reset, the 
transmitter 
starts 
sending 
Idle characters 
on 


the next character 
boundary 
if idle already, or at 
the end of a transmission 
if active. 


FLAT 
STREAM 
MODE 


PREFRAME 
SYNC 
MOCE 


BUFFERED 
MODE 
EARLY TlINTERRUPT 
ENABLE 


fOP 
INTERRUPT 
ENABLE 


HOLe 
ABORT 
ENABLE 


NOT 
USED 
- 
DO 
NOT 
CHANGE 


Serial 1/0 Mode Register (Figure 25) 


DrD3: 
Not Used - 
These bits 
must 
be 0 for the Set 


command 
and 1 for the Reset command. 


Di 
Data 
Loopback- 
When 
set, transmitted 
data 
(TxD) is internally 
routed to the receive data cir- 


cuitry. 
When 
reset, TxD and RxD are indepen- 


dent. 


D,: 
Clock Loopback 
- 
When set, TxC is internally 
routed to RxC. When reset, the clocks 
are inde- 


pendent. 


Do: 
NRZI (Non-Return 
to Zero Inverted) - 
When set, 


the 8273 assumes 
the received data is NRZI en- 


coded, and NRZI encodes 
the transmitted 
data. 


When reset, the received 
and transmitted 
data 


are treated as a normal positive 
logic bit stream. 


Data Transfer 
Mode Register (Figure 26) 


DrD1: 
Not Used - 
These bits 
must 
be 0 for the Set 


command 
and 1 for the Reset command. 


Do: 
Interrupt 
Data Transfer 
- 
When set, the 8273 


will 
interrupt 
the CPU when data transfers 
are 


required 
(the corresponding 
IRA Status 
register 


bit will 
be 0 to signify 
a data transfer 
interrupt 


rather 
than 
a 
Result 
phase 
interrupt). 
When 


reset, 8273 data transfers 
are performed 
through 


DMA requests 
on the DRQ pins 
without 
inter- 


rupting 
the CPU. 


o.,De°S04030:2D10(l 


~ 


~~~~~~~~PBACK 


DATA 
LOOP8ACK 


-------NOT 
USED 
_ 00NOTCHANGE 


01 
06 
05 
O. 
D3 
02 
01 
00 


~---- 
---- 
~ 
INTERRUPT 
DATA 
TRANSFERS 


-------- 
NOT USED 
_ 
DO NOT CHANGE 


One Bit Delay Register (Figure 27) 


07: 
One Bit Delay - 
When set, the 8273 retransmits 


the received data stream one bit delayed. This 
mode is entered and exited at a received char- 
acter boundary. When rese( the transmitted and 
received data are independent. 
This mode is 


utilized for loop operation and is discussed in a 
later section. 


06-00: 
Not Used - 
These bits must be 0 for the Set 
command and 1 for the Reset command. 
I 
~------NOTUSED- 
DO NOT CHANGE 


ONE 
BIT DELAY 
ENABLE 


Figure 28 shows the Set and Reset commands associ· 
ated with the above registers. The mask which sets or 
resets the desired bits is treated as a single parameter. 
These commands do not interrupt 
nor provide results 


during the Result phase. After reset, the 8273 defaults to 
all of these bits reset. 


REGISTER 
COMMAND 
HEX 
PARAMETER 
CODE 


ONE 
BIT 
DELAY 
MODE 
SET 
A4 
SET 
MASK 


RESET 
64 
RESET 
MASK 


DATA 
TRANSFER 
MODE 
SET 
97 
SET 
MASK 


RESET 
57 
RESET 
MASK 


OPERATING 
MODE 
SET 
9' 
SET 
MASK 


RESET 
5' 
RESET 
MASK 


SERIAL 
I/O 
MODE 
SET 
AO 
SET 
MASK 


RESET 
60 
RESET 
MASK 


The 8273 supports 
three 
receive commands 
plus a 


receiver disable function. 


When commanded to General Receive, the 8273 passes 
all frames either to memory (DMA mode) or to the CPU 
(non·DMA mode) regardless 
of 
the contents 
of the 


frame's address field. This command is used for primary 
and loop controller 
stations. 
Two parameters are re- 


quired: Bo and B,. These parameters are the LSB and 
MSB of the receiver buffer size. Giving the 8273 this 
extra information 
alleviates the CPU of the burden of 


checking for buffer overflow. The 8273 will interrupt the 
CPU if 
the 
received 
frame 
attempts 
to 
overfill 
the 


allotted buffer space. 


Selective 
Receive 


In Selective Receive, two additional parameters besides 
Boand B, are required: A, and A2. These parameters are 
two address match bytes. When commanded to Selec· 
tive Receive, the 8273 passes to memory or the CPU 
only those frames having an address field 
matching 


either A, or A2. This command is usually used for sec· 
ondary stations 
with A, being the secondary address 
and A2 is the "All Parties" address. If only one match 
byte is needed, A, and A2 should be equal. As in General 
Receive, the 8273 counts the incoming data bytes and 
interrupts the CPU if Bo, B1 is exceeded. 


Selective 
Loop Receive 


This command is very similar in operation to Selective 
Receive except that One Bit Delay mode must be set and 
that the loop is captured by placing transmitter 
in Flag 


Stream mode automatically 
after an EOP character is 


detected 
following 
a selectively 
received frame. The 


details 
of 
using 
the 8273 in loop configurations 
is 


discussed 
in a later section so please hold questions 


until then. 


The handling of interrupt results is common among the 
three commands. 
When a frame is received without 


error, i.e., the FCS is correct and CD (Carrier Detect) was 
active throughout the frame or no attempt was made to 
overfill the buffer; the 8273 interrupts the CPU following 
the closing flag to pass the completion 
results. These 


results, in order, are the receiver interrupt 
result code 
(RIC), and the byte length of the information field of the 
received frame (Ro,R,). If Buffered mode is selected, the 
address and control fields are passed as two additional 
results. If Buffered mode is not selected, the address 
and control 
fields 
are passed as the first 
two data 


transfers and Ro, R, reflect the information 
field length 


plus two. 


Receive Disable 


The receiver may also be disabled using the Receive 
Disable 
command. 
This 
command 
terminates 
any 


receive operation 
immediately. 
No parameters are reo 


quired and no results are returned. 


The details 
for the Receive command 
are shown 
in 


Figure 29. The interrupt 
result code key is shown in 


Figure 30. Some explanation 
of these result codes is 


appropriate. 


The interrupt result code is the first byte passed to the 
CPU in the RxllR register during the Result phase. Bits 
04-00 define the cause of the receiver interrupt. Since 
each result code has specific 
implications, 
they are 


discussed separately below. 


COMMAND 
HEX 
PARAM· 
RESULTS' 


CODE 
ElERS 
Rxl/R 


GENERAL 
RECEIVE 
CO 
80. B1 
RIC, 
Ro. 
Rl. 
A, C 


SELECTIVE 
RECEIVE 
Cl 
Bo. 8,. A,. A2 
Rle, 
RD. Rl. 
A, C 


SELECTIVE 
LOOP 
RECEIVE 
C2 
80.8" 
Al. A2 
Rle, 
RD. R,. A, C 


DISABLE 
RECEIVER 
C5 
NONE 
NONE 


°A 
AND 
C ARE 
PASSED 
AS 
RESULTS 
ONLY 
IN 
BUFFERED 
MODE. 


Figure 
29. 
Receiver 
Command 
Summary 


RIC 


07-00 


• 
00000 


• 
00001 


000 
00011 


000 
00100 


000 
00101 


000 
00110 


000 
00111 


000 
01000 


000 
01001 


000 
01010 


000 
01011 


Al 
MATCH 
OR GENERAL 
RECEIVE 


A2 
MATCH 


CRC 
ERROR 


ABORT 
DETECTED 


IDLE 
DETECTED 


EOP 
DETECTED 


FRAME 
< 32 BITS 


DMA 
OVERRUN 


MEMORY 
BUFFER 
OVERFLOW 


CARRIER 
DETECT 
FAILURE 


RECEIVER 
INTERRUPT 
OVERRUN 


ACTIVE 


ACTIVE 


ACTIVE 


ACTIVE 


DISABLED 


DISABLED 


ACTIVE 


DISABLED 


DISABLED 


DISABLED 


DISABLED 


"07-05 
PARTIAL 
BYTE 
RECEIVED 


111 
ALL 
8 BITS 
OF 
LAST 
BYTE 


000 
DO 


100 
01-00 


010 
02-00 


110 
03-00 


001 
040-0 


101 
05-00 


011 
06-00 


The first 
two 
result 
codes 
result 
from the error-free 


reception of a frame. If the frame is received correctly 
after a General Receive command, 
the first 
result 
is 


returned. If either Selective Receive command was used 
(normal or loop), a match with A, generates the first 
result code and a match with A2 generates the second. 
In either case, the receiver remains active after the inter- 
rupt; however, the internal buffer size counters are not 
reset. That is, if the receive command 
indicated 
100 


bytes were allocated to the receive buffer (Bo, B,) and an 
80-byte frame was received correctly, the maximum next 
frame size that could be received without 
recomman- 
ding the receiver (resetting Bo and B,) is 20 bytes. Thus, 
it is common practice to recommand the receiver after 
each frame reception. DMA and/or memory pointers are 
usually updated at this time. (Note that users who do 
not wish to take advantage of the 8273's buffer manage- 
ment features may simply use Bo, B, = OFFH for each 
receive command. Then frames of 65K bytes may be 
received without buffer overflow errors.) 


The third result code is a CRC error. This indicates that 
a frame was received in the correct format (flags, etc.); 
however, the received FCS did not check with the inter- 
nally generated FCS. The frame should be discarded. 
The receiver remains active. (Do not forget 
that even 


though an error condition 
has been detected, all frame 


information 
up until that error has either been trans- 
ferred to memory or passed to the CPU. This informa- 
tion should be invalidated. This applies to all receiver 
error conditions.) Note that the FCS, either transmitted or 
received, is never available to the CPU. 


The Abort Detect result occurs whenever the receiver 
sees either an SDLC (8 ls) or an HDLC (7 ls), depending 
on the Operating Mode register. However, the interven- 
ing Abort character between a closing flag and an Idle 
does not generate an interrupt. 
If an Abort character 


(seen by an active receiver within 
a frame) is not pre- 


ceded by a flag and is followed by an Idle, an interrupt 
will be generated for the Abort, followed by an Idle inter- 


rupt one character time later. The Idle Detect result oc- 
curs whenever 15 consecutive 1s are received. After the 
Abort Detect interrupt, the receiver remains active. After 
the Idle Detect interrupt, 
the receiver is disabled and 


must be recommanded 
before further 
frames may be 


received. 


If the EOP Interrupt 
bit is set in the Operating 
Mode 
register, the EOP Detect result is returned whenever an 
EOP character is received. The receiver is disabled, so 
the Idle following 
the EOP does not generate an Idle 


Detect interrupt. 


The minimum 
number of bits in a valid frame between 


the flags is 32. Fewer than 32 bits indicates an error. If 
Buffered mode is selected, such frames are ignored, i.e., 
no data transfers 
or interrupts 
are generated. In non- 


Buffered mode, a < 32-bit frame generates an interrupt 
with the < 32-bit Frame result since data transfers may 
already have disturbed the 8257 or interrupt handler. The 
receiver remains active. 


The DMA Overrun result results from the DMA controller 
being too slow in extracting data from the 8273, i.e., the 
RxDACK signal is not returned before the next received 
byte is ready for transfer. The receiver is disabled if this 
error condition 
occurs. 


The Memory Buffer Overflow 
result occurs 
when the 


number of received bytes exceeds the receiver buffer 
length supplied 
by the Bo and B, parameters 
in the 


receive command. The receiver is disabled. 


The Carrier Detect Failure result occurs when the CD 
pin goes high (inactive) during reception of a frame. The 
CD pin is used to qualify reception and must be active 
by the time the address field starts to be received. If CD 
is 
lost 
during 
the 
frame, a CD Failure 
interrupt 
is 


generated and the receiver is disabled. No interrupt 
is 


generated if CD goes inactive between frames. 


If a condition occurs requiring an interrupt be generated 
before the CPU has finished reading the previous inter- 
rupt results, the second interrupt is generated after the 
current 
Result phase is complete 
(the RxlNT pin and 


status 
bit go low then 
high). However, the interrupt 


result for this second interrupt will be a Receive Inter- 
rupt Overrun. The actual cause of the second interrupt is 
lost. One case where this may occur is at the end of a 
received 
frame 
where the 
line 
goes 
idle. The 8273 


generates a received frame interrupt 
after the closing 


flag and then 15-bit times later, generates an Idle Detect 
interrupt. 
If the 
interrupt 
service 
routine 
is slow 
in 


reading the first 
interrupt's 
results, the internal 
RxllR 


register still contains 
result information 
when the Idle 


Detect 
interrupt 
occurs. 
Rather than wiping 
out the 


previous results, the 8273 adds a Receive Interrupt Over- 
run result as an extra result. If the system's 
interrupt 


structure 
is 
such 
that 
the 
second 
interrupt 
is 
not 


acknowledged (interrupts are still disabled from the first 
interrupt), the Receive Interrupt Overrun result is read as 
an extra result, after those from the first interrupt. If the 
second interrupt is serviced, the Receive Interrupt Over- 
run is returned as a single result. (Note that the INT pins 
supply the necessary transitions 
to support a Program- 


mabie Interrupt Controller 
such as the Intel 8259. Each 


interrupt generates a positive-going 
edge on the appro· 


priate INT pin and the high level is held until the inter· 
rupt is completely serviced.) In general, it is possible to 
have interrupts 
occurring 
at one character time inter- 
vals. Thus the interrupt handling software must have at 
least that much response and service time. 


The occurrence of Receive Interrupt Overruns is an in- 
dication of marginal software design; the system's inter· 
rupt response and servicing time is not sufficient 
for the 


data rates being attempted. 
It is advisable to configure 


the interrupt handling software to simply read the inter· 
rupt results, place them into a buffer, and clear the inter- 
rupt as quickly as possible. The software can then ex· 
amine the buffer for new results at its leisure, and take 
appropriate action. This can easily be accomplished 
by 


using 
a result 
buffer 
flag 
that 
indicates 
when 
new 


results are available. The interrupt handler sets the flag 
and the main program resets it once the results are 
retrieved. 


Both SOLC and HOLC allow frames which are of arbi· 
trary 
length 
(>32 bits). The 8273 handles 
this 
N-bit 


reception 
through 
the high order bits (07-05) 
of the 


result code. These bits code the number of valid reo 
ceived bits in the last reoeived information 
field byte. 
This coding is shown in Figure 30. The high order bits of 
the received 
partial 
btye are indeterminate. 
[The ad· 


dress, control, 
and information 
fields 
are transmitted 


least significant 
bit (Ao)first. The FCS is complemented 


and transmitted 'most significant 
bit first.] 


Transmit Commands 


The 8273 transmitter 
is supported 
by three Transmit 


commands and three corresponding 
Abort commands. 


Transmit Frame 


The 
Transmit 
Frame 
command 
simply 
transmits 
a 


frame. 
Four 
parameters 
are required 
when 
Buffered 


mode is selected and two when it is not. In either case, 
the first 
two parameters 
are the least and the most 


significant 
bytes of the desired frame length (Lo, L1). In 


Buffered mode, Lo and L1 equal the length in bytes of 
the desired information 
field, while in the non-Buffered 


mode, Lo and L1 must be specified as the information 
field length plus two. (Lo and L1' specify the number of 
data transfers to be performed.) 
In Buffered mode, the 


address and control fields are presented to the transmit· 
ter as the third and fourth parameters respectively. 
In 


non-Buffered mode, the A and C fields must be passed 
as the first two data transfers. 


When the Transmit Frame command is issued, the 8273 
makes RTS (Request-to-Send) active (pin low) if it was 
not already. It then waits until CTS (Clear-to-Send) goes 
active (pin low) before starting the frame. If the Preframe 
Sync bit in the Operting Mode register is set, the trans- 
mitter 
prefaces two characters 
(16 transitions) 
before 


the opening flag. If the Flag Stream bit is set in the 
Operating Mode register, the frame (including Preframe 
Sync if selected) is started on a flag boundary. Other· 
wise the frame starts on a character boundary. 


At the end of the frame, the transmitter 
interrupts 
the 


CPU (the interrupt 
results are discussed 
shortly) and 
returns to either Idle or Flag Stream, depending on the 
Flag Stream bit of the Operating Mode register. If RTS 
was active before the transmit command, the 8273 does 
not change it. If it was inactive, the 8273 will deactivate 
it within one character time. 


Loop Transmit 


Loop.Transmit 
is similar to Frame Transmit (the paramo 


eter definition 
is the same). But since it deals with loop 


configurations, 
One Bit Oelay mode must be selected. 


If the transmitter 
is not in Flag Stream mode when this 
command is issued, the transmitter 
waits until after a 
received EOP character 
has been converted to a flag 
(this is done automatically) 
before transmitting. 
(The 


one bit delay is, of course, suspended during transmit.) 
If the transmitter 
is already in Flag Stream mode as a 
result of a selectively received frame during a Selective 
Loop Receive command, transmission 
will begin at the 


next flag boundary for Buffered mode or at the third flag 
boundary for non-Buffered mode. This discrepancy is to 
allow time for enough data transfers to occur to fill up 
the internal transmit buffer. At the end of a Loop Trans- 
mit, the One Bit Oelay mode is re·entered and the flag 
stream mode is reset. More detailed loop operation 
is 


covered later. 


Transmit Transparent 


The Transmit Transparent command enables the 8273 to 
transmit a block of raw data. This data is without SOLC 
protocol, i.e., no zero bit insertion, flags, or FCS. Thus it 
is possible to construct and transmit a Bi-Sync message 
for front·end processor switching 
or to construct 
and 


transmit an SOLC message with incorrect FCS for diag- 
nostic purposes. Only the LoGlndL1 parameters are used 
since there are not fields in this mode. (the 8273 does 
not support a Receive Transparent command.) 


Abort Commands 


Each of the above transmit 
commands 
has an associ· 


ated Abort command. The Abort Frame Transmit com- 
mand causes the transmitter 
to send eight contiguous 


ones (no zero bit insertion) immediately and then revert 
to either idle or flag streaming based on the Flag Stream 
bit. (The 8 1s as an Abort character is compatible 
with 


both SOLC and HOLC.) 


For Loop Transmit, the Abort Loop Transmit command 
causes the transmitter 
to send one flag and then revert 


to one bit delay. Loop protocol 
depends 
upon 
FCS 


errors to detect aborted frames. 


The Abort 
Transmit 
Transparent 
simply 
causes 
the 


transmitter 
to revert to either idles or flags as a function 


of the Flag Stream mode specified. 


The Abort commands require no parameters, however, 
they do generate an interrupt and return a result when 
complete. 


A summary 
of the Transmit 
commands 
is shown 
in 


Figure 31. Figure 32 shows the various transmit 
inter- 


rupt 
result 
codes. As in the receiver operation, 
the 


transmitter 
generates interrupts 
based on either good 


completion of an operation or an error condition to start 
the Result phase. 


The Early Transmit Interrupt result occurs after the last 
data transfer to the 8273 if the Early Transmit Interrupt 
bit is set in the Operat(ng Mode register. If the 8273 is 
commanded 
to transmit 
again within 
two 
character 


times, a single flag will separate the frames. (Buffered 
mode must be used for a single flag to separate the 
frames. If non-Buffered 
mode is selected, three flags 


will separate the frames.) If this time constraint 
is not 


met, another interrupt is generated and multiple flags or 
idles will separate the frames. The second interrupt 
is 


the normal 
Frame Transmit 
Complete 
interrupt. 
The 


Frame Transmit Complete result occurs at the closing 
flag to signify a good completion. 


The OMA Underrun result is analogous to the OMA Over- 
run result in the receiver. Since SOLC does not support 
intraframe time fill, if the OMA controller 
or CPU does 


not supply the data in time, the frame must be aborted. 
The action taken by the transmitter on this error is auto- 
matic. It aborts the frame just as if an Abort command 
had been issued. 


Clear-to-Send Error result is generated if CTS goes inac- 
tive during a frame transmission. 
The frame is aborted 


as above. 


The Abort Complete result is self·explanatory. 
Please 


note 
however 
that 
no Abort 
Complete 
interrupt 
is 
generated when an automatic 
abort occurs. The next 


command type consists of only one command. 


COMMANO 
HEX 
PARAMETERS" 
RESULTS 


COOE 
hl/R 


TRANSMIT 
FRAME 
C8 
lO. 
ll. 
A. C 
TIC 
ABORT 
CC 
NONE 
TiC 


lOOP 
TRANSMIT 
CA 
lo. 
l1. 
A. C 
TiC 


ABORT 
CE 
NONE 
TiC 


TRANSMIT 
TRANSPARENT 
CO 
la, l1 
TIC 
ABORT 
CO 
NONE 
TIC 


TIC 
07-00 
TRANSM'TIER 
INTERRUPT 
RESULT 
COOE 


00001100 
EARLY 
Tx 
INTERRUPT 


000 
01101 
FRAME 
Tx COMPLETE 


000 
01110 
DMA 
UNOERRUN 


000 
01111 
CLEAR 
TO SEND 
ERROR 


000 
10000 
ABORT 
COMPLETE 


ACTiVE 


IDLE 
OR FLAGS 


ABORT 


ABORT 


IDLE 
OR FLAGS 


Reset Command 


The Reset command provides a software reset function 
for the 8273. It is a special case and does not utilize the 
normal command interface. The reset facility is provided 
in the Test Mode register. The 8273 is reset by simply 
outputting 
a 01H followed 
by a OOHto the Test Mode 


register. Writing the 01 followed by the 00 mimicks the 
action required by the hardware reset. Since the 8273 re- 
quires time to process the reset internally, at least 10 
CyCles of the 0.CLK clock 
must 
occur 
between 
the 


writing 
of the 01 and the 00. The action taken is the 


same as if a hardware reset is performed, namely: 


1. The 
modem 
control 
outputs 
are 
forced 
high 


inactive). 


2. The 8273 Status register is cleared. 


3. Any commands in progress cease. 


4. The 8273 enters an idle state until the next com- 


mand is issued. 


Modem Control Commands 


The modem control ports were discussed earlier in the 
Hardware section. The commands used to manipulate 
these ports are shown in Figure 33. The Read Port A and 
Read Port B commands are immediate. The bit defini- 
tion for the returned byte is shown in Figures 13 and 14. 
00 not forget that the returned value represents 
the 


logical condition 
of the pin, i.e., pin active (low) = bit 


set. 


PORT 
COMMAND 
HEX 
PARAMETER 
REG 
CODE 
RESULT 


A INPUT 
READ 
22 
NONE 
PORT 
VALUE 


READ 
23 
NONE 
PORT 
VALUE 


B OUTPUT 
SET 
A3 
SET 
MASK 
NONE 


RESET 
63 
RESET 
MASK 
NONE 


The Set and Reset Port B commands are similar to the 
Initialization 
commands in that they use a mask param- 


eter which defines the bits to be changed. Set Port B 
utilizes 
a logical 
OR mask and Reset Port B uses a 


logical ANO mask. Setting a bit makes the pin active 
(low). Resetting the bit deactivates the pin (high). 


To help clarify the numerous timing relationships 
that 


occur and their consequences, 
Figures 34 and 35 are 


provided as an illustration 
of several typical sequences. 


It is suggested that the reader go over these diagrams 
and re·read the appropriate part of the previous sections 
if necessary. 


HLDC CONSIDERATIONS 


The 8273 supports HOLC as well as SOLC. Let's discuss 
how the 8273 handles the three basic HOLC/SOLC dif- 
ferences: extended addressing, extended control, 
and 


the 7 1s Abort character. 


Recalling Figure 4A, HOLC supports an address field of 
indefinite 
length. The actual amount of extension used 


is determined by the least significant 
bit of the charac- 


ters immediately following 
the opening flag. If the LSB 


is 0, more address field bytes follow. If the LSB is 1, this 
byte is the final address field byte. Software must be 
used to determine this extension. 


If non·Buffered mode is used, the A, C, and I fields are in 
memory. The software must examine the initial charac- 
ters to find the extent of the address field. If Buffered 
mode is used, the characters 
corresponding 
to the 


SOLC A and C fields are transferred to the CPU as inter· 
rupt results. Buffered mode assumes the two characters 
follOWing the opening flag are to be transferred as inter- 
rupt results regardless of content or meaning. (The 8273 


does not know whether it is being used in an SDLC or an 
HDLC environment.) 
In SDLC, these 
characters 
are 


necessarily 
the A and C field bytes, however in HDLC, 
their meaning may change depending on the amount of 
extension 
used. The software 
must recognize this and 


examine 
the transferred 
results 
as possible 
address 


field extensions. 


Frames may still be selectively received as is needed for 
secondary stations. The Selective Receive command is 
still used. This command qualifies a frame reception on 
the first byte following 
the opening flag matching either 


of the A1 or A2 match byte parameters. While this does 
not allow qualification 
over the complete range of HDLC 


addresses, it does perform a qualification 
on the first 


address byte. The remaining address field bytes, if any, 
are then examined via software 
to completely 
qualify 


the frame. 


Once the extent of the address field is found, the follow· 
ing bytes form the control field. The same LSB test used 
for the address field is applied to these bytes to deter· 
mine the control field extension, 
up to two bytes maxi· 


mum. The remaining frame bytes in memory represent 
the information 
field. 


The 
Abort 
character 
difference 
is 
handled 
in 
the 


Operating Mode register. If the HDLC Abort Enable bit is 
set, the reception of seven contiguous 
ones by an active 


receiver will generate an Abort Detect interrupt 
rather 


than eight ones. (Note that both the HDLC Abort Enable 
bit and the EOP Interrupt bit must not be set simultane- 
OUSly.) 


Now let's 
move on to the SDLC loop configuration 


discussion. 


LOOP CONFIGURATION 


Aside from use in the normal data link applications, 
the 


8273 is extremely attractive in loop configuration 
due to 


the special frame-level loop commands and the Digital 
Phase 
Locked 
Loop. 
Toward 
this 
end, this 
section 


details the hardware and software considerations 
when 


using the 8273 in a loop application. 


The loop configuration 
offers a simple, 
low-cost 
solu- 


tion for systems with multiple 
stations 
within 
a small 


physical location, i.e., retail stores and banks. There are 
two primary reasons to consider 
a loop configuration. 


The interconnect 
cost is lower for a loop over a multi- 


point configuration 
since only one twisted 
pair or fiber 


optic 
cable is used. (The loop configuration 
does not 


support the passing of distinct 
clock signals from sta- 


tion to station.) In addition, 
loop stations 
do not need 


the intelligence 
of a multi·point 
station since the loop 


protocal 
is simpler. The most difficult 
aspects of loop 


station design are clock recovery and implementation 
of 


one bit delay (both are handled neatly by the 8273). 


Figure 36 illustrates 
a typical 
loop configuration 
with 


one controller 
and two down-loop 
secondaries. 
Each 


station 
must 
derive 
its 
own 
data 
timinQ 
from 
the 


received data stream. Recalling our earlier discussion 
of 


the DPLL notice that TxC and RxC clocks are provided 
by the DPtt 
output. 
The only clock 
required 
in the 


secondaries 
is a simple, non-synchronized 
clock at 32 


times the desired baud rate. The controller requires both 
32 x and 1x clocks. (The 1x is usually implemented 
by 


dividing 
the 32 x 
clock with a 5·bit divider. 
However, 


there 
is no synchronism 
requirement 
between 
these 


clocks so any convenient implementation 
may be used.) 
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A quick review of loop protocol is appropriate. All com- 
munication 
on the loop is controlled 
by the loop con- 
troller. 
When the controller 
wishes to allow the sec- 
ondaries to transmit, it sends a polling frame (the con- 
trol field contains a poll code) followed by an EOP(End- 
of-Poll) 
character. 
The 
secondaries 
use 
the 
EOP 


character 
to capture the loop and insert a response 


frame as will be discussed shortly. 


The secondaries normally operate in the repeater mode, 
retransmitting 
received data with one bit time of delay. 
All received frames are repeated. The secondary uses 
the one bit time of delay to capture the loop. 


When the loop is idle (no frames), the controller 
trans- 
mits continuous 
flag characters. This keeps transitions 


on the loop for the sake of down-loop 
phase locked 


loops. When the controller 
has a non-polling frame to 


transmit, it simply transmits the frame and continues to 
send flags. 
The non·polling 
frame 
is then 
repeated 


around the loop and the controller receives it to signify a 
complete traversal of the loop. At the particular second· 
ary addressed by the frame, the data is transferred to 
memory while being repeated. Other secondaries simply 
repeat it. 


If 
the 
controller 
wants 
to 
poll 
the 
secondaries, 
it 


transmits a polling frame followed by all 1s (no zero bit 
insertion). The final zero of the closing frame plus the 
first seven 1s form an EOP. While repeating, the secon· 
daries monitor their incoming line for an EOP. When an 
EOP is received, the secondary checks if it has any 
response for the controller. 
If not, it simply continues 


repeating. If the secondary has a response, it changes 
the seventh EOP one into a zero (the one bit time of 
delay allows time for this) and repeats it, forming a flag 
for the down-loop stations. After this flag is transmitted, 


the secondary terminates 
its repeater function 
and in- 


serts its response frame (with multiple preceding flags 
if necessary). After the closing flag of the response, the 
secondary re-enters its repeater function, repeating the 
up-loop controller 
1s. Notice that the final zero of the 


response's closing flag plus the repeated 1s from the 
controller 
form 
a new EOP for the 
next down-loop 


secondary. This new EOP allows the next secondary to 
insert a response if it desires. This gives each secon- 
dary a chance to respond. 


Back at the controller, after the polling frame has been 
transmitted 
and the continuous 
1s started, 
the con- 


troller waits until it receives an EOP. Receiving an EOP 
signifies 
to the controller 
that the original 
frame has 


propagated around the loop followed by any responses 
inserted by the secondaries. At this point, the controller 
may either send flags to idle the loop or transmit 
the 


next frame. Let's assume that the loop is implemented 
completely 
with the 8273s and describe the command 


flows for a typical controller and secondary. 


The loop controller 
is initialized with commands which 


specify that the NRZI, Preframe Sync, Flag Stream, and 
EOP Interrupt modes are set. Thus, the controller 
en- 
codes and decodes all data using NRZI format. Preframe 
Sync mode specifies 
that all transmitted 
frames be 


prefaced with 16 line transitions. 
This ensures that the 


minimum of 12 transitions 
needed by the DPLLs to lock 


after an all 1s line have occurred by the time the second- 
ary sees a frame's opening flag. Setting the Flag Stream 
mode starts .the transmitter 
sending flags which idles 


the loop. And the EOP Interrupt mode specifies that the 
controller 
processor will 
be interrupted 
whenever the 


active receiver sees an EOP, indicating the completion 
of a poll cycle. 


When the controller 
wishes to transmit 
a non-polling 


frame, it simply executes a Frame Transmit command. 
Since the Flag Stream mode is set, no EOP is formed 
after the closing 
flag. When a polling 
frame is to be 


transmitted, 
a General Receive command is executed 


first. This enables the receiver and allows reception of 
all incoming frames; namely, the original polling frame 
plus any response frames inserted by the secondaries. 
After the General Receive command, the frame is trans- 
mitted 
with 
a Frame Transmit 
command. 
When the 


frame is complete, a transmitter 
interrupt is generated. 


The loop controller 
processor 
uses this 
interrupt 
to 


reset Flag Stream mode. This causes the transmitter 
to 


start sending all 1s. An EOP is formed by the last flag 
and the first 7 1s. This completes 
the loop controller 


transmit sequence. 


At any time following 
the start of the polling 
frame 


transmission 
the 
loop 
controller 
receiver 
will 
start 


receiving frames. (The exact time difference depends, of 
course, on the number of down-loop secondaries due to 
each inserting one bit time of delay.) The first received 
frame is simply the original polling frame. However, any 
additional frames are those inserted by the secondaries. 
The loop controller 
processor knows all frames have 


been received when it sees an EOP Interrupt. This inter- 
rupt is generated by the 8273 since the EOP Interrupt 
mode was set during 
initialization. 
At this point, the 
transmitter 
may be commanded 
either to enter Flag 


Stream mode, idling the loop, or to transmit 
the next 
frame. A flowchart 
of the above sequence is shown in 
Figure 37. 


The secondaries 
are initialized 
with the NRZI and One 
Bit Delay modes set. This puts the 8273 into the repeater 
mode with the transmitter 
repeating the received data 


with one bit time of delay. Since a loop station cannot 
transmit 
until it sees and EOP character, any transmit 


command 
is queued 
until 
an EOP is received. Thus 


whenever the secondary wishes to transmit a response, 
a Loop Transmit 
command 
is issued. The 8273 then 


waits until it receives an EOP. At this point, the receiver 
changes the EOP into a flag, repeats it, resets One Bit 
Delay mode stopping the repeater function, and sets the 
transmitter 
into Flag Stream mode. This captures 
the 


loop. The transmitter 
now inserts its message. At the 


closing 
flag, Flag Stream mode is reset, and One Bit 


Delay mode is set, returning the 8273 to repeater func- 
tion and forming an EOP for the next down· loop station. 
These 
actions 
happen 
automatically 
after 
a 
Loop 


Transmit command is issued. 
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RECEIVER 
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PROCEDURE 
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FLAG 
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oDENOTES 
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PROCESS 
RECEIVED 
FRAMES 


When the secondary wants its receiver enabled, a Selec- 
tive Loop Receive command is issued. The receiver then 
looks for a frame having a match in the Address field. 
Once such a frame is received, repeated, and trans· 
ferred to memory, the secondary's 
processor 
is inter- 


rupted with the appropriate 
Match interrupt 
result and 


the 8273 continues 
with the repeater function 
until an 


EOP is received, at which point the loop is captured as 
above. The processor should use the interrupt to deter· 
mine if it has a message for the controller. 
If it does, it 


simply 
issues a Loop Transmit 
command 
and things 


progress as above. If the processor has no message, the 
software 
must reset the Flag Stream mode bit in the 


Operating Mode register. This will inhibit the 8273 from 
capturing the loop at the EOP. (The match frame and the 
EOP may be separated in time by several frames de· 
pending on how many up-loop stations 
inserted 
mes- 


sages of their 
own.) If the 
timing 
is such 
that 
the 


receiver has already captured the loop when the Flag 
Stream mode bit is reset, the mode is exited on a flag 
boundary and the frame just appears to have extra clos- 
ing flags before the EOP. Notice that the 8273 handles 
the queuing of the transmit 
commands and the setting 


and resetting of the mode bits automatically. 
Figure 38 


illustrates 
the major points of the secondary command 


sequence. 
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When an off-line secondary wishes to come on-line, it 
must do so in a manner which does not disturb data on 
the loop. Figure 39 shows a typical hardware interface. 
The line labeled Port could be one of the 8273 Port B out- 
puts and is assumed to be high (1)initially. Thus up-loop 
data is simply 
passed down-loop with no delay; how- 
ever, the receiver may still monitor data on the loop. To 
come on-line, the secondary is initialized with only the 
EOP Interrupt mode set. The up-loop data is then moni- 
tored until an EOPoccurs. At this point, the secondary's 
CPU is interrupted 
with an EOP interrupt. This signals 


the CPU to set One Bit Delay mode in the 8273 and then 
to set Port low (active). These actions switch the sec- 
ondary's one bit delay into the loop. Since after the EOP 
only 1s are traversing the loop, no loop disturbance oc- 
curs. The secondary now waits for the next EOP, cap- 
tures the loop, and inserts a "new on·line" 
message. 
This signals the controller that a new secondary exists 
and must be acknowledged. 
After 
the secondary 
reo 


ceives its acknowledgement, the normal command flow 
is used. 


It is hopefully evident from the above discussion 
that 


the 8273 offers a very simple and easy to implement 
solution 
for designing 
loop stations 
whether they are 


controllers 
or down-loop secondaries. 


This section describes the hardware and software of the 
8273/8085 system used to verify the 8273 implementa- 
tion of SDLC on an actual IBM SDLC Link. This IBM link 
was gratefully volunteered by Raytheon Data Systems in 
Norwood, 
Mass. and I wish to thank them for their 


generous cooperation. The IBM system consisted of a 
370 Mainframe, a 3705 Communications 
Processor, and 


a 3271 Terminal Controller. 
A Comlink 
II Modem sup- 


plied the modem interface and all communications 
took 


place at 4800 baud. In addition 
to observing correct 


responses, a Spectron D601B Datascope was used to 
verify 
the data exchanges. 
A block 
diagram 
of the 


system is shown in Figure 40. The actual verification 
was accomplished 
by the 8273 system receiving and 


"esponding 
to polls from the 3705. This method was 


ed on both point-to-point 
and multi-point 
configura- 


~. No attempt was made to implement any higher 


'01 software 
over that of the poll and poll reo 


o since such software would not affect the veri· 
the 8273 implementation. As testimony to the 


of the 8273, the system worked on the first 


An SDK-85 (System Design Kit) was used as the core 
8085 system. This system provides up to 4K bytes of 
ROM/EPROM, 512 bytes of RAM, 76 I/O pins, plus two 
timers as provided in two 8755 Combination EPROM/I/O 
devices 
and 
two 
8155 Combination 
RAM/I/O/Timer 


devices. In addition, 5 interrupt inputs are supplied on 
the 8085. The address, data, and control buses are buf- 
fered by the 8212 and 8216 latches and bidirectional 
bus 


drivers. Although it was not used in this application, an 
8279 Display Driver/Keyboard Encoder is included to in- 
terface 
the on-board display 
and keyboard. A block 


diagram of the SDK-85 is shown in Figure 41. The 8273 
and associated circuitry was constructed 
on the ample 


wire-wrap area provided for the user. 


The example 8273/8085 system is interrupt-driven 
and 


uses DMA for all data transfers supervised by an 8257 
DMA Controller. A 2400 baud asynchronous line, imple· 
mented with an 8251A USART, provides communication 
between the software and the user. 8253 Programmable 
Interval Timer is used to supply the baud rate clocks for 
the 8251A and 8273. (The 8273 baud rate clocks were 
used only during initial system debug. In actual opera- 
tion, the modem supplied these clocks via the RS-232in- 
terface.) Two 2142 1Kx4 
RAMs provided 512 bytes of 


transmitter 
and 512 bytes of receiver buffer memory. 


(Command 
and 
result 
buffers, 
plus 
miscellaneous 


variables are stored in the 8155s.) The RS-232 interface 
utilized 
MC1488 
and 
MC1489 
RS-232 drivers 
and 


receivers. The schematic 
of the system 
is shown 
in 


Figure 42. 


One detail to note is the DMA and interrupt structure of 
the transmit 
and receive channels. In both cases, the 


receiver is always given the higher priority (8257 DMA 
channel 0 has priority over the remaining channels and 
the 8085 RST 7.5 interrupt 
input has priority 
over the 


RST 6.5 input.) Although 
the choice is arbitrary, 
this 


technique 
minimizes 
the chance 
that 
received 
data 


could 
be lost due to other processor 
or DMA com· 


mitments. 


Also note that only one 8205 Decoder is used for both 
the peripherals' 
and the memorys' Chip Selects. This 


was 
done 
to 
eliminate 
separate 
memory 
and 
I/O 


decoders since it was known beforehand that neither 
address space would be completely filled. 


The 4 MHz crystal and 8224 Clock Generator were used 
only to verify that the 8273 operates correctly 
at that 


maximum spec speed. In a normal system, the 3.072 
MHz clock from the 8085 would be sufficient. 
(This fact 


was verified during initial checkout.) 
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The software 
consists 
of the normal monitor 
program 
supplied with the SDK-85 and a program to input com- 
mands to the 8273 and to display results. The SDK-85 
monitor allows the user to read and write on-board RAM, 
start execution 
at any memory location, to single-step 


through a program, and to examine any of the 8085's in- 
ternal registers. The monitor drives either the on-board 
keyboard/LED 
display 
or a serial TTY interface. 
This 


monitor was modified slightly 
in order to use the 8251A 


with a 2400 baud CRT as opposed to the 110 baud nor- 
mally used. The 8273 program implements 
monitor-like 


user interface. 8273 commands 
are entered by a two- 
character code followed 
by any parameter» required by 


that command. When 8273 interrupts 
occur, the source 


of the 
interrupt 
is displayed 
along 
with 
any results 


associated with it. To gain a flavor of how the user/pro- 
gram interface 
operates, a sample output 
is shown in 


Figure 43. The 8273 program prompt character is a "- 
" 


and user inputs are underlined. 


The "SO 05" implements 
the Set Operating Mode com- 
mand with a parameter of 05H. This sets the Buffer and 
Flag Stream modes. "ss 01" sets the 8273 in NRZI mode 
using the Set Serial I/O Mode command. The next com- 
mand specifies 
General Receiver with a receiver buffer 
size of 0100H bytes(Bo = 00, B1= 01). The "TF" 
com- 


mand causes the 8273 to transmit a frame containing an 
address field of C2H and control field of 11H. The infor- 
mation field is 001122. The "TF" command has a special 
format. The Loand L, parameters are computed from the 
number of information 
field bytes entered. 


After the TF command is entered, the 8273 transmits the 
frame (assuming that the modem protocol is observed). 
After the closing flag, the 8273 interrupts 
the 8085. The 


8085 reads the interrupt 
results and places them in a 


buffer. 
The software 
examines 
this 
buffer 
for 
new 


results and if new results exist, the source of the inter- 
rupt is displayed along with the results. 


In this example, the ODH result indicates a Frame Com- 
plete interrupt. There is only one result for a transmitter 
interrupt, 
the interrupt's 
trailing 
zero results 
were in- 


cluded to simplify 
programming. 


The next 
event 
is a frame 
reception. 
The interrupt 


results are displayed 
in the order read from the 8273. 


The EOH indicates a General Receive interrupt with the 
last byte of the information 
field received on an 8-bit 


boundary. The 03 00 (Ro, R1) results show that there are 
3H bytes of information 
field received. The remaining 


two results indicate that the received frame had a C2H 
address field and a 34H control field. The 3 bytes of in- 
formation 
field are displayed on the next line. 


SO 05 
- 
n..m.. 


- 
OR 00 01 
- 
TF C2 11 00 11 22 


TxINT 
- 
00 00 00 00 00 


Figures 44 through 51 show the flowcharts 
used for the 


8273 program development. The actual program listing 
is included as Appendix A. Figure 44 is the main status 
poll loop. After all devices are initialized 
and a prompt 


character displayed, a loop is entered at LOOPIT. This 
loop checks for a change of status in the result buffer or 
if a keyboard character has been received by the 8251 or 
if a poll frame has been received. If any of these condi- 
tions are met, the program branches to the appropriate 
routine. Otherwise, the loop is traversed again. 


The result buffer is implemented 
as a 255-byte circular 


buffer with two pointers: CNADR and LDADR. CNADR is 
the console 
pointer. 
It points to the next result to be 


displayed 
LDADR is the load pointer. 
It points 
to the 


next empty position 
in the buffer into which the inter- 


rupt handler places the next result. The same buffer is 
used for both transmitter 
and receiver results. LOOPIT 


examines these pointers to detect when CNADR is not 
equal 
to 
LDADR indicating 
that 
the 
buffer 
contains 


results which have not been displayed. When this oc- 
curs, the program branches to the DISPLY routine. 


DISPLY determines 
the 
source 
of 
the 
undisplayed 


results 
by testing 
the first 
result. This first 
result 
is 


necessarily 
the interrupt 
result code. If this result 
is 


OCHor greater, the result is from a transmitter 
interrupt. 


Otherwise it is from a receiver source. The source of the 
result code is then displayed on the console along with 
the next four results from the buffer. If the source was a 
transmitter 
interrupt, 
the routine 
merely 
repoints 
the 


pointer CNADR and returns to LOOPIT. For a receiver 
source, the receiver data buffer is displayed in addition 
to the 
receiver 
interrupt 
results 
before 
returning 
to 


LOOPIT. 
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AND 
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If the result buffer pointers indicate an empty buffer, the 
8251A is polled for a keyboard character. If the 8251 has 
a character, GETCMD is called. There the character is 
read and checked 
if 
legal. Illegal 
characters 
simply 
cause a reprompt. Legal characters indicate the start of 
a command input. Most commands are organized as two 
characters 
signifying 
the command action; Le., GR - 
General Receive. The software recognizes the two char- 
acter command code and takes the appropriate action. 
For non-Transmit type commands, the hex equivalent of 
the command is placed in the C register and the number 
of parameters associated with that command is placed 
in the B register. 
The program then branches to the 
COMM routine. 


The COMM 
routine 
builds 
the 
command 
buffer 
by 
reading the required 
number of parameters from the 
keyboard and placing them at the buffer pointed at by 
CMDBUF. The routine at COMM2 then issues this com- 
mand buffer to the 8273. 


If a Transmit type command is specified, the command 
buffer 
is set up similarly 
to the the COMM routine; 
however, since 
the information 
field 
data is entered 
from 
the 
keyboard, 
an 
intermediate 
routine, 
TF, 
is 
called. TF loads the transmit data buffer pointed at by 
TxBUF. It counts the number of data bytes entered and 
loads 
this 
number 
into 
the command 
buffer 
as Lo, 
L,. The command is then issued to the 8273 by jumping 
to CMDOUT. 


One command does not directly result in a command be- 
ing issued to the 8273. This command, Z, operates a 
software 
flip-flop 
which selects whether the software 
will respond automatically 
to received polling frames. If 


memory location POLIN is made nonzero by the receiver 
interrupt handler. LOOPIT examines this location and if 
it is nonzero, causes a branch to the TxPOL routine. The 
TxPOL routine clears POLIN, sets a pointer to a special 
command buffer at CMDBUF1, and issues the command 
by way of the COMM2 entry in the COMM routine. The 
special 
command 
buffer 
contains 
the 
appropriate 
response frame for the poll frame received. These ac- 
tions only occur when the Z command has changed the 
prompt to a '+ '. If the prompt is normal' 
-', 
polling 
frames are displayed as normal frames and no response 
is transmitted. 
The Poll-Response mode was used duro 


ing the IBM tests. 


CHECK 
IF RESULTS 
WILL 
FILL 
RESULT 
BUFFER 


~EXITTO 


~MONITOR 


READ 
RESULTS 
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The final two software routines are the transmitter 
and 
receiver 
interrupt 
handlers. 
The 
transmit 
interrupt 
handler, Txl, simply saves the registers on the stack and 
checks if loading the result buffer will fill it. If the result 
buffer will overfill, the program is exited and control is 
passed to the SDK-85 monitor. 
If not, the results are 
read from the Txl/R register and placed in the result buf- 
fer at LDADR. The DMA pointers 
are then reset, the 
registers 
restored, and interrupts 
enabled. 
Execution 
then returns to the pre-interrupt 
location. 


The receiver interrupt handler, Rxl, is only slightly more 
complex. 
As in Txl, the registers 
are saved and the 
possibility 
of overfilling 
the result buffer is examined. If 
the result buffer is not full, the results are read from 
Rxl/R and placed in the buffer. At this point the prompt 
character is examined to see if the Poll-Response mode 
is selected. If so, the control field is compared with two 
possible polling control 
fields. If there is a match, the 


special command buffer is loaded and the poll indicator, 
POLIN, is made nonzero. If no match occurred, no action 
is taken. Finally, the receiver DMA buffer pointers are 
reset, the processor status restored, and interrupts are 
enabled. The RET instruction 
returns execution 
to the 


pre-interrupt location. 


This completes the discussion 
of the 8273/8085 
system 


design. 


CONCLUSION 


This application 
note has covered the 8273 in some 


detail. The simple and low cost loop configuration 
was 


explored. And an 8273/8085 
system was presented as a 


sample design illustrating 
the DMA/interrupt-driven 
in- 


terface. It is hoped that the major features of the 8273, 
namely 
the 
frame-level 
command 
structure 
and the 


Digital 
Phase Locked Loop, have been shown to be a 


valuable asset in an SDLe system design. 


1 $NOPAGING MOD85 
NOCOND 
2 TRUE 
EQU 
OOH 
3 ; 
4 TRUE1 
EQU 
5 ; 
6 DEM 
7 ; 
8 ; 
9 ; 
19 ; GENERAL 8273 
MONITOR WITH RAYTHEONPOLL MODE ADDED 
11; 
17 i 
18 .: 
19 ; COM/'1ANl)SUPPORTED ARE: RS - RESET SERIAL IIO 
MODE 
29 ; 
SS - SET SERI AL It'0 
MODE 
21 ; 
RO - RESET OPERATING MODE 
22 ; 
SO - SET OPERATING MODE 
23 ; 
RD - RECEIVER DISABLE 
24 ; 
OR - GENERAL RECEIVE 
25 ; 
SR - SELECTIYE 
RECEIVE 
26 ; 
TF - TRANSMIT FRAME 
27 ; 
AF - 
ABORT FRAME 
28 ; 
SP - SET PORT B 
29 ; 
RP - RESET PORT B 
39 ; 
R8 - RESET lINE 8IT 
DELAY (PAR = 7F) 
31 ; 
58 - SET ONE BIT DELAY (PAR = 89) 
32 ; 
SL - SELECTIVE LOOP RECEIVE 
33 ; 
TL - TRANSMIT LOOP 
34 ; 
Z 
- CHANGE MODES FLIP/FLOP 
38 ; 


39 ;***********************************************************~*************** 
49; 
41 i NOTE: 
'SET' 
COtlI1fN)S 
I11PWIENT 
LOGICAl 
'OR' 
FlKTIONS 
42 ; 
'RESET' 
CO/lI1iKoS II'lPLEl'lENT LOGICAl 
'AND' 
FlN:TIONS 


43 ; 
44 ;*************************************************************************** 
45 ; 


46 ; BlJFFERED "OOE I1UST BE SELECTED WI£N SELECTIVE 
RECEIl£ 
IS USED. 
47 ; 


48 ;~ 
FORIflT 
IS: 
'COII'IAND (2 LTRS)' 
'PAR 11' 
'PAR 12' 
ETC. 


49 ; 
59 ; THE TRANSMIT FRAPlE COft1ANI) FORt1AT IS: 
'IF' 
'A' 
'C' 
'BUFFER CONTENTS'. 
51 ; 
NO LENGTH COUNT IS NEEDED. 
BlFFER 
CONTENTS IS EI«D 
WITH A CR 
52 ; 
53 ;***-***-**********_***_***_ 
•••••••••••• 
_ 
54; 
55 ; POLLED ID)E: 


; 99 FOR RAYTHEON 
iFF 
FOR SELF-TEST 
; e8 FOR NORMALRESPONSE 
.:FF FOR LOOP RESPONSE 
: 00 FOR NO DEtlO 
.:FF FOR rJEt·lO 


APPLICATIONS 


56 .; 
A SNRM-P OR RR(9H 
IS RECEIVED, A RESPONSEFRAMEOF NSA-F 
57 ; 
OR RR(9)-F 
IS TRANSMITTED. 
OTHERCOMMANDSOPERATENORIlALLY. 
62 ; 


63 ; **********************-***-*******************-*****---* 
64; 
65 ; 8273 EQUATES 
66 ; 
0099 
67 STAT73 
EQlI 
99H 
; STATUS REGISTER 
00ge 
68 COI'lI'173 EQlJ 
99H 
; CO!'mANl)REGISTER 
9991 
69 PARI173 EIX) 
91H 
; PARAMETERREGISTER 
0091 
79 RE5L73 
EQU 
91H 
; RESULT REGISTER 
0092 
71 TXIR73 
EQU 
92H 
; TX INTERRUPT RE..'iULT REGISTER 
0093 
72 RXIR73 
EQlJ 
93H 
; RX INTERRUPT RESULT P£GISTER 
0092 
73 TEST73 
EQ/J 
92H 
; TEST "ODE REGISTER 
0029 
74 CPBF 
EQ/J 
29H 
; PARAMETERBUFFER FULL BIT 
9004 
75 TXINT 
EQlJ 
!l4H 
; TX INTERRUPT BIT 
IN STATUS REGISTER 
8008 
76 RXINT 
EQ/J 
9SH 
;RX INTERRUPT BIT 
IN STAT1J5REGISTER 
0001 
77 TXIRA 
EQU 
9iH 
; TX INT RESULT AYAILABLE BIT 
9992 
78 RXIRA 
EQU 
92H 
; RX INT RESULT AYAILABLE BIT 
79 ; 
se ; 8253 EQlIATES 
81 ; 
009B 
82 1'tOOE53 EQU 
9BH 
; 8253 'IOOE WORDREGISTER 
909C 
83 CNT953 
EQIJ 
9CH 
; C()JlTER 9 REG!STER 
999D 
84 CNT153 
EQ/J 
9DH 
; COUNTER1 REGISTER 
009E 
85 CNT253 
EQU 
9EH 
;COUNTER 2 REGISTER 
eeec 
86 COBR 
EQU 
900CH 
; CONSOLEBAUD RATE (2400) 
9936 
87 "DeNT9 
EQ/J 
36H 
; I'1ODEF~ 
COUNTER9 
99B6 
88 MOCNT2 EQU 
9B6H 
; I10DE F~ 
COUNTER2 
2917 
89 LKBR1 
EQU 
2917H 
; 8273 BfU) 
RATE L5B fIIR 
2918 
99 LKBR2 
EQlI 
2918H 
; 8273 BfU) 
RATE I'15BfIDR 
91 ; 
92 ; BAUD RATE TABLE: 
BAllO RATE 
LKBR1 
LKBR2 
93 ; 
**-*** 
***** ***** 
94; 
96ee 
2E 
99 
95; 
4899 
5C 
00 
96; 
2499 
B9 
99 
97 ; 
1200 
72 
91 
98; 
600 
E5 
92 
99; 
390 
C9 
es 
100 ; 
191 ; 
192 ; 8257 EQlJATES 
193 ; 


ll0A8 
194 M0DE57 
EQIJ 
BASH 
; 8257 MODEPORT 
B0A9 
195 CHBADR EQIJ 
BAeH 
; CH9 (RX) ADR REGISTER 
BeA1 
196 CHaTC 
EQU 
9A1H 
; CH9 TER!!IIfL 
COUNTREGISTER 
9llA2 
197 CH1fIIR 
EQIJ 
BA2H 
; CHi (TX) 
fI)R REGISTER 
ll9A3 
198 CHiTC 
EQIJ 
IilA3H 
; CHi TERMua COOHTREGI STER 
B9A8 
199 STATS? 
EQIJ 
BASH 
; STATUS REGISTER 
8200 
119 R'.<BUF 
EQIJ 
829l!H 
; RX BUFFER START ADDRESS 
seee 
111 TXBUF 
EQU 
BeeeH 
; TX BlfFER 
START ADDRESS 
9962 
112 ORDPIA 
EQU 
62H 
; DISABLE RX DIfl 
CIfH£L 
TX STILL 
(II 
41FF 
113 mc 
EQIJ 
41FFH 
; TERI'lINAI.. COUNTAN> ttOOE F~ 
RX CHfN£l. 


lI963 
114 E!I)Ifl 
EQIJ 
63H 
; EIftlLE 
BOTH TX IN) 
RX CIfN£l.S-EXT. 
IlR.. TX STlF 
9961 
115 DTDIlA 
EQIJ 
6iH 
; DISABLE TX DIfl CIRf£L 
RX STILL 
(II 
81FF 
116 mc 
EQIJ 
81FFH 
; TERMINAl. COOHTAN) ttOOE F~ 
TX CIRf£l. 


117 ; 
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118 
; 8251A 
EQlIATES 


119; 


13089 
129 
CNTL51 
HIU 
89H 
; CONTROl 
WORD PfGISTER 


131389 
121 
STAT51 
EQU 
89H 
; STATUS 
REGISTER 


13988 
122 
TXD51 
EQU 
SSH 
;TX 
DATA REGISTER 


9088 
123 
RXD51 
EQlI 
S8H 
;RX 
DATA REGISTER 


e0CE 
124 
MC.oE51 
EQlI 
13CEH 
; MODE 16X, 2 STOP,NO 
PARITY 
0027 
125 
CM051 
EQU 
27H 
; COI1I'IAND, ENABLE 
TX&RX 


139132 
126 
RDY 
EQU 
132H 
; RXRDY BIT 


127 
; 


128 
.;MONITOR SUBROUTINE 
EQUATES 


129 
; 


e61F 
1313 GETCH 
EQlJ 
1361FH 
; GET CHR FROM KEYBOARD, 
ASCII 
IN 
CH 


95F8 
111 
ECHO 
EI;llJ 
95FBH 
; ECHO CHR TO DISPLAY 


e75E 
132 
VALDG 
EQU 
1375EH 
;CHECK 
IF 
v~LID 
DIGIT, 
CARRY SET 
IF 
VALID 


95BB 
133 
CNI/BN 
EQU 
05BBH 
;CONI/ERTS 
ASCII 
TO HEX 


B5EB 
134CRLF 
EQIJ 
05EBH 
; DISPLAY 
CR, 
HENCE LF 
TOO 


96C7 
135 
NMOUT 
EQU 
96C7H 
; CONVERT BYTE TO 2 ASCII 
CHR AIi) 
DISPLAY 


136; 


137 
.' MISC 
EQUATES 


138 
.; 


20C0 
139 
STKSRT 
EQlI 
20CBH 
.' STACK START 


0003 
1413 CNTLC 
EQU 
133H 
; CNTL-c 
EQUIVALENT 


00138 
141 
MONTOR 
EQlI 
99asH 
; MONITOR 


2009 
142 
CI1DBUF 
EQU 
20139H 
i START OF COMMAND BUFFER 


2£1213 
143 
CHDBF1 
EQU 
202BH 
; POLL MODE SPEC I AL 
TX COl'11'1ANOBUFFER 


ge0C, 
144 
CR 
EQlJ 
OOH 
j ASCII 
CR 


998A 
145 
LF 
EQU 
eAH 
.;ASCII 
LF 


2004 
146 
RST75 
EQU 
2004H 
.' RST7. 5 JUI'1P ADDRESS 


29CE 
147 
RST65 
EQU 
20CEH 
; RST6. 5 JUMP ADDRESS 


2919 
148 
LCoADR 
EQU 
20HlH 
;RESLlT 
BUFFER LOAD POINTER 
STORAGE 


2913 
149 
CNftDR 
EQU 
2813H 
; RESULT 
BUFFER CONSOlE 
POINTER 
STORffiE 


2889 
150 
RESBUF 
EQU 
2809H 
; RESULT 
BUFFER START - 
255 
BYTES 


9093 
151 
SNRMP 
EQU 
93H 
; SNRI'l-P 
CONTROL CODE 


9011 
152 
RR9P 
EOLI 
11H 
;RR(9)-P 
CONTROL CODE 


9£171 
153 
NSAF 
EOU 
73H 
; NSA-F 
CONTROL CODE 


0011 
154 
RReF 
EQIJ 
iiH 
i RR<9H 
CONTROL CODE 


2915 
155 
PRMPT 
EQIJ 
2915H 
.' PRI1PT STORAGE 


2816 
156 
POLIN 
EQlI 
21316H 
.' POLL 
MODE SELECTION 
INDICATOR 


2927 
157 
DEMODE 
EQU 
2927H 
.' DEMO MODE INDICATOR 


161 
.' 


162 
; ***********************-****-****-***************--- 
163 
; 


164 i RAI'1 STORAGE DEFINITIONS: 


165 
.; 
LOC 
DEF 


166 
; 


167 
; 
2008-200F 
COt1I1AND BUFFER 


168 
; 
2019-2911 
RE5UI..T BUFFER LOAD POINTER 


169 
; 
2913-2914 
RESULT 
BUFFER CONSOLE POINTER 


179 
; 
2015 
PROMPT CHARACTER STORAGE 


171 
; 
21316 
POU 
!'lODE INO ICATOR 


172 
.' 
2917 
BAllO 
RATE LSB Ftl1 
SELF-TEST 


173 
; 
2918 
BAl{) 
RATE I1S8 Ftl1 
SELF-TEST 


177 
; 
2919 
SPARE 


179 
; 
2929-2926 
RESPONSE CO/'ltlANI) BUFFER FOR POlL 
/'lODE 


1Be 
.' 
2889-28FF 
RESULT 
BUFFER 


181 
; 


182 
; --_**********_***********_****_*_ 
•••••••••• 
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181 
; 


184: 
PROGRA~l START 


185 
; 


186 
.: INITIALIZE 
8251, 
8257, 
8251A, 
AND RESET 8273. 


187 
; ALSO SET NORMAL MODE, ANO PRINT 
SIGNON t1ESSAGE 


188 
; 


980e 
189 
ORG 
800H 


190 


ese0 
11C020 
191 
START: 
LXI 
SP,STKSRT 
; INITIALIZE 
SP 


8881186 
192 
MYI 
A,MDCNT0 
; 8251 
MOOE SET 


8Be5 
D39B 
193 
OUT 
MODES3 
; 8253 
MODE PORT 


8807 
3A1720 
194 
LDA 
LKBRl 
: GET 8273 
BAlli) 
RATE LSB 


880A 
D39C 
195 
OUT 
CNT053 
;USING 
COUNTER 8 AS BAUD RATE GEN 


0e0C 
3A182e 
196 
LDA 
LKBR2 
; GET 8273 
BUfID RATE MSB 


B80F 
D39C 
197 
OUT 
CNT053 
; COUNTER 8 


8811 
CD1ABB 
198 
CALL 
RXD!'lA 
; INITIALIZE 
8257 
RX DMA CHANNEL 


8814 
CD35BB 
L'l9 
CALL 
r'<DI'lA 
; IN ITI ALI ZE 8257 
r.x: DI'1A CHANNEL 


8817 
3E01 
200 
MYI 
A,81H 
; OUTPUT 1 FOLLOWED BY A 8 


8819 
D392 
201 
OUT 
TESm 
;TO 
TEST MODE REGISTER 


081B 
3E88 
282 
1M 
A,80H 
; TO RESET THE 8273 


881D 
D392 
203 
OUT 
TEST73 


981F 
3E2D 
284 
MYI 
AJ /_/ 
,:NORI'lAL MODE PRtl'1PT CHR 


8821 
321528 
285 
STA 
PRMPT 
.:PUT IN STORAGE 


8824 
3E88 
206 
MVI 
A,eeH 
; TX POLl.. RESPONSE INDICATOR 


8826 
321628 
287 
STA 
POLIN 
; 0 MEANS NO SPECIAl.. 
TX 


8829 
322728 
288 
STA 
DEMODE 
; CLEAR DEMO MODE 


082C 
21A38C 
212 
LXI 
H,SIGNON 
;SIGNON 
MESSAGE ADR 


982F 
CD920C 
213 
CALL 
TYMSG 
; DISPLAY 
SIGNON 


214 
; 


215 
.:MONITOR USES JUI1PS IN RAH TO DIRECT 
INTERRUPTS 


216 
; 


0832 
21D420 
217 
LXI 
H,RST75 
; RST7. 5 JUMP LOCATION 
USED BY MONITOR 


0835 
81000c 
218 
LXI 
B, RXI 
; ADDRESS OF RX I NT ROUTI NE 


8838 
36C3 
219 
MYI 
/'I,8C3H 
; LOAD / JMP/ 
OPCODE 


883A 
23 
228 
IN>: 
H 
; INC POINTER 


883B 
71 
221 
MOV 
M,C 
; LOAD RXI 
LSB 


883C 
23 
222 
IN>: 
H 
; INC 
POINTER 
8831>70 
223 
I10Y 
/'I,B 
; LOAD RXI 
"SB 
883E 
21CE28 
224 
LXI 
H, RST65 
; RST6.5 
JUMP LOCATION 
USED BY I1ONITOR 


0841 
81CE0C 
225 
LXI 
B, IXI 
.:ADDRESS OF TX INT 
ROUTINE 
8844 36C3 
226 
MYI 
/'I,0C3H 
; LOflI) 
/ J/'IP" 
OPCODE 


8846 
23 
227 
IN>: 
H 
; INC POINTER 


8847 
71 
228 
i'1OY 
/'I,C 
; LOAD IXI 
LSB 


8848 
23 
229 
IN>: 
H 
.: INC POINTER 


8849 
78 
230 
I10Y 
/'I,B 
; LOAD TXI 
I'ISB 


884A 
3E18 
231 
MYI 
A,1SH 
; GET SET TO RESET INTERRUPTS 


884C 
38 
232 
SI/'I 
; RESET INTERRUPTS 


884D 
FB 
233 
EI 
; EIflBLE 
INTERRUPTS 


234 
; 


235 
; I NITIAI.. I ZE BUFFER POINTER 


236; 


237; 


884E 
210028 
238 
LXI 
H, RESBUF 
; SET RESlU 
BUFFER POINTERS 


88S1 
221328 
239 
SILO 
ctR>R 
; RESULT CQNS(li 
POINTER 


8854 
221928 
248 
SILO 
l.J)fI)R 
; RESULT LOR) 
POINTER 


241 
; 


242 
; /'lAIN 
PROGRA/'I LOOP - 
ClECKS 
FOR CHANGE IN RESULT POINTERS., 
USART STATUS, 


243; 
OR PlU 
STATUS 
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244 
i 


Ba57 CDEBll5 
245 C~1DREC:CAlL 
CRLF 
i DISPLAY CR 
085A 1A1520 
246 
LDA 
PRMPT 
i GET CURRENTPRONPT CHR 
0S5D 4F 
247 
MOil 
C, A 
.:MOllE TO C 


Ba5E CDF8Il5 
248 
CALL 
ECHO 
.:DISPLAY IT 
08612AB20 
249 LOOPIT : LHLD 
CNADR 
i GET CONSOLEPOINTER 
e864 7D 
250 
I'1OY 
A,L 
i SAllE POINTER LSB 
e865 2A1920 
251 
LHLD 
LDADR 
i GET LOAD POINTER 
e868 8D 
252 
CMP 
L 
.:SAME LSB? 
e869 C2199A 
253 
JNZ 
DISPY 
; NO, RESULTS NEED DISPLAYING 


086C DB89 
259 
IN 
STAT51 
i YES, CHECK KE'r'BOARD 
086E E602 
2613 
ANI 
RDY 
; CHR RECEIVED? 


9870 C27D08 
261 
JNZ 
GETntD 
i MUST BE CHR SO GO GET IT 
08711A1620 
262 
LDA 
POLIN 
;GET POLL /'lODE STATUS 
Ba76 A7 
261 
ANA 
A 
i IS IT 0? 
13877 C24ce9 
264 
JNZ 
TXPOL 
iNO, 
THEN POLL OCCURRED 
087A 06108 
265 
JHP 
LOOPIT 
i YES.. TRY AGAIN 
266 i 
267 i 
268 ; CO~1MANDRECOGNIZERROUTINE 
269 i 
270 ; 
Ba7D CD1F06 
271 GETCMD: CALL 
GETCH 
iGETCHR 
11880 CDF805 
272 
CALL 
ECHO 
i ECHO IT 
9881 79 
2n 
MOY 
A,C 
i SETUP FOR COI1PARE 
0884 FE52 
274 
CPI 
/R' 
°iR? 
9886 CAAF98 
275 
JZ 
RDWN 
i GET MORE 
0889 FE51 
276 
CPI 
'5'- 
is? 
988B CAD708 
277 
JZ 
SDIoIN 
iGET MDRE 
e88E FE47 
278 
CPI 
'G' 
iG? 


0890 CAFF98 
279 
JZ 
GOWN 
iGET MDRE 
13891 FE54 
280 
CPI 
'T' 
iT? 
9895 CA0E09 
281 
JZ 
TDWN 
i GET I'lORE 
!l898 
FE41 
282 
CPI 
'A' 
iA? 
989A CA22Il9 
281 
JZ 
ADWN 
.:GET MORE 
089D FE5A 
284 
CPI 
'Z' 
i Z? 
e89F CA1109 
285 
JZ 
CMODE 
; YES, GO CHANGEMQl)E 
08A2 FEes 
29ll 
CPI 
CNTLC 
i CNTL-C? 
!l8A4 CAIl880 
291 
JZ 
I'IONTOR 
i EXIT TO MONITOR 
!l8A7 1lE1F 
292 IlliG: 
MYI 
CJ /?/ 
.:PRINT? 
ll8A9 CDF805 
291 
CAlL 
ECHO 
i DISPLAY IT 
98AC C35708 
294 
JMP 
CMOREC 
i LOOP FOR COI'1I1AND 
295 
ll8AF CD1FIl6 
296 RDIolN: 
CALL 
GETCH 
i GET NEXT CHR 
1l8B2 CDF805 
297 
CALL 
ECHO 
i ECHO IT 
08B5 79 
298 
I'IOY 
A/C 
i SETUP FOR COMPARE 
08B6 FE4F 
299 
CPI 
'0' 
iO? 
1l8B8 CA5D1l9 
100 
JZ 
ROCIID 
i RO COI'II'IAN/) 
ll88B FE53 
101 
CPI 
'5' 
is? 
ll8IID CA67Il9 
102 
JZ 
RSCI'[l 
iRSCOItIAND 
ll8C~ FE44 
103 
CPI 
'D' 
iD? 
ll8C2 CA7109 
104 
12 
Roell) 
i RD COI'II1flNI) 
ll8C5 FE59 
105 
CPI 
'P' 
iP? 
ll8C7 CAD8e9 
186 
JZ 
RPCII) 
i RP rotfANI) 
ll8CA FE52 
107 
CPI 
'R' 
iR? 
ll8CC CAee88 
188 
12 
START 
i START OYER 
98CF FE42 
109 
CPI 
'B' 
iB? 
ll8D1 CA7B99 
110 
JZ 
RBCIIO 
i RB rotffII) 
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lltlV! l-Vltllt> 
~l~ 
~UtoIN: 
"tAtC-" 
"iSE,Cfr" - 
-"- 
; tit I 
NtX I 
i,;Ht< 
tl.9DA CDFS95 
314 
GALL 
ECHO 
; EC.HOIT 


8800 78 
315 
/'KJV 
A,B 
; SETIJPFOR COt1PARE 


900E FE4F 
316 
CPI 
'0' 
;O? 


ME8 
CAA609 
317 
JZ 
SOC.l'lD 
.;SO COItIAN[) 


esE3 FE53 
318 
CPI 
'5' 
is? 


BeES CABOO9 
319 
JZ 
SSCI1I) 
; 55 Cot1I1ANCr 


8eE8 FE52 
329 
CPI 
'R' 
; R? 
B8EA CABAe9 
:521 
JZ 
SRCMD 
; SR COMI'IAND 
MED me 
322 
CPI 
'P' 
;P? 
B8EF C.AE289 
323 
JZ 
SPCt'1D 
; SP C0!'1I'fANl) 


B8F2 FE42 
324 
CPI 
'B' 
; B? 
B8F4 CAS589 
325 
JZ 
SSCI'll) 
;SSCOt'1/IANI) 
98F7 FE4C 
326 
CPI 
'L' 
;L? 


B8F9 CASF89 
327 
JZ 
SLCIIl 
;SL C~D 
88FC nA7M 
328 
JI'IP 
ILLEG 
; ILLEGAL 
TRY AGAIN 


329 


B8FF CD1FB6 
338 GOWN: 
CALL 
(ECH 
; GET NEXT CHR 
8902 CDF8e5 
:m 
CALL 
ECHO 
;WiO 
IT 


13905 78 
332 
MOY 
A,B 
; 5ETIJP FOR COMPARE 
8906 fE52 
:m 
CPI 
'R·' 
;R? 


8908 CAC409 
334 
JZ 
GRCI'I) 
;GR COI'IIlAHD 
BgeB CA7e8 
335 
JMP 
ILLEG 
; ILLEGRL 
TRY AGAIN 
336 
e90E CD1FB6 
337 TOWN: 
CALL 
GETCH 
; GET NEXT CHR 
8911 CDF805 
338 
CAlL 
ECHO 
; ECHO IT 
8914 78 
339 
I10V 
A,B 
; SETIJPFOR COtPARE 


8915 FE46 
348 
CPI 
'F' 
;F? 


8917 CAEC09 
341 
JZ 
TFCIIl 
;TFCOI1I1RND 
B91A FE4C 
342 
CPI 
'V 
;L? 


891C CA9989 
343 
JZ 
TLCIIl 
.;TL COI'1I1AHI> 
891F C3A7es 
344 
JMP 
ILLEG 
.;ILLEGAL 
TRY AGAIN 


345 
8922 CDiFB6 
346 AOWH: 
CALL 
GETCH 
;GET NEXT ~ 
8925 CDF805 
347 
CALL 
ECHO 
; ECHO IT 
8928 78 
348 
MOY 
A,B 
; SETIJP FOR COI'IPARE 
9929 FE46 
349 
CPI 
'F' 
;F? 
892B CACE99 
358 
JZ 
AFC/!) 
;AFCOPfmNI) 
992E nA798 
351 
JIll 
IlliG 
; ILLEGPL 
TRY AGAIN 


352 ; 


353 ; RESET POLL !'lODERESPONSE- CfflN3E PRIl1PT ~ 
AS IN[) ICATOR 


354 ; 


9931 F3 
355 CIIlDE: 
DI 
; DISRBLE INTERRUPTS 
9932 3R1528 
356 
LDA 
PRIlPT 
; GET CURRENTPRlJIlT 
9935 FE2D 
357 
CPI 
'-' 
; HORIlIl. I'OOE? 
9937 C24399 
358 
JNZ 
sw 
; NO, CHANGEIT 
993A 3E2B 
359 
IIVI 
AI/+' 
; NEWPROIflT 
993C 321529 
36ll 
STA 
PRtlPT 
; STORENEWPRO/'IPT 
993F FB 
365 
EI 
;ElRlLE 
IN~TS 
ll94B C35788 
366 
JIIP 
Cl'lDREC 
; RETURNTO L~ 
9943 3E2D 
367 sw: 
IIYI 
A, '-' 
; IEW PRIl'PT OR 
9945 321529 
368 
STA 
PRIIPT 
;STORE IT 


ll948 FB 
369 
EI 
; EIflIlLE 
IHTERRUPTS 
9949 C357llS 
378 
JIF 
OI>REC 
; RETURNTO L~ 
371 ; 
372 ; 
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:m .'TRANSI1IT ANSWERTO POLL SETUP 
374 .' 


894C 3EOO 
382 TXPOL: 
11111 
A,OOfI 
; CLEAR PtU 
INHCATlJl 
894E 
321628 
384 
STA 
POLIN 
; lNOlCATlJl 
fl)R 
8951 
216188 
385 
LXI 
H, LOOPIT 
; SETUP STACK FOR COI1I1AfI)OUTPUT 


8954 
ES 
386 
PUSH 
H 
i PUT RETURN TO CI1DRECON STACK 


8955 
9684 
387 
!'IVI 
B,84H 
j GET • OF PARAtlETERS READII 


8957 
212828 
388 
LXI 
H,CI'IDBF1 
; POINT TO SPECIAl.. BUFFER 


895A OFFBA 
389 
JI1P 
COI'!I'I2 
; JUI'IP TO COI'lI'1ANDOUTPUTER 


398 
; 


391 
; 
392 
; 


393 i COtlMANDIMPLE!'lENTING ROUTINES 
394 
j 
395 
; 


396 
; RO - RESET OPERATING !'lODE 
397; 


895D 8681 
398 
ROCIID: 
/'11/1 
B,81H 
j I OF PARA!'1ETER5 
895F 
BE51 
399 
/'11/1 
C,51H 
.'COI1IlAND 
9961 
CDESBA 
400 
CALL 
COI'f/'I 
.;GET PARAItETERS AI{) ISSUE, COI1I'lfN) 
8964 
C35788 
401 
J/'IP 
ClIDREC 
.' GET NEXT COI'lI1flNI) 
402 
; 


403 
; R5 - RESET SERIAL I/O 
ItJDE COI'II'flNI) 
404 
.' 
0967 
8681 
405 R5CIID: 
111/1 
B,91H 
;. 
OF PARAI'ETERS 


0969 
0E69 
406 
111/1 
C,68H 
j COItIAND 
9968 
CDE5eA 
407 
CALL 
COItI 
i GET PARAI'IETERSAI{) ISSUE COI'IIlfM) 
896E 
C35798 
408 
JIf' 
Clt>REC 
.'GET NEXT COItIlNI) 
409 
; 


419 ; RD - RECEllIER DI5ABL.E mltRil 


4U 
.' 
8971 
9699 
412 ROCI1D: 
/'11/1 
B,99H 
j' 
OF PARAMETERS 
8973 
BEC5 
413 
111/1 
C,9CSH 
; COI1I1AND 
9975 
CDE59A 
414 
CALL 
COllI 
i ISSUE CM!fN) 


9978 
C35798 
415 
JI1P 
Cll)REC 
.' GET hEXT WIlAN) 
416 ; 
417 
; RB - RESET ONE BIT DELAY CfAtRI) 
418 
; 


9978 
9691 
419 RBCIID: 
/'11/1 
B,91H 
;. 
OF ~TERS 


9970 
9E64 
429 
11111 
C,64H 
;WIlfN) 
897F 
CDEseA 
421 
CAlL 
COItl 
; GET PfIIMTER 
1M) IS5ll: 
WIRI) 
8982 
C35798 
422 
JKl 
CPl>REC 
; GET NExT Wf!AN) 
423 
; 


424 
; 58 - SET Of£ BIT DELAY COI'I!AII) 
425 
i 


8985 
9691 
426 
5BC1'11): 111/1 
B,91H 
;. 
OF ~TER5 


89879EA4 
427 
111/1 
C,9fl4H 
;mtRI) 
ll989 
CDE59A 
428 
CALL 
mtI 
; GET PfflAtETER 
1M) 1551.£ mtRI) 
998C C3S798 
429 
JI1P 
Cll>REC 
; GET hEXT WIRI) 
439 
; 


431 
; 51.. - SELECTII/E LOOP RECEll/E COItIfN) 
432 
; 
998F 
9694 
433 
51..01): 
111/1 
B,94H 
;. 
OF PfflAtETERES 


9991 
lIEC2 
434 
111/1 
C,lC!H 
;mtRI) 
9993 
CDE58fl 
435 
CALL 
mtI 
;IET 
MlfI£1ER5 
fII) 
1551.£ mtRI) 
9996 
C3S798 
436 
JKl 
Cl'I)REC 
; GET hEXT mtRI) 
437 
; 
439 
; TL - TRANSIlIT LOOP WIRI) 
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459 
; 
9999 
210029 
440 
TLC/'ID: 
LXI 
H,CI1DBUF 
; SET COtl/'1ANI)BUFFER POINTER 
899C 9682 
441 
MVI 
B,82H 
i LOAD PARAMETERCOliNTER 


899E 
56CA 
442 
MYI 
I1,OCAH 
i LOflI) COMI1ANDINTO BUFFER 


89A8 2182211 
445 
LXI 
H,CHDBlIF+2 
; POINT AT AOR AND CNTL POSITIONS 


119A5 CSF689 
444 
Jt1P 
TFCMD1 
; FINISH 
OFF COI'!I'!flH()IN TF ROUTINE 
445 i 
446: 
50 - SET OPERATING MODECOI1tIfIHl) 
447 i 


ll9A6 116111 
448 SOCI1D: 
""'I 
B,8iH 
.:. 
OF PARAMETERS 


ll9A8 eE91 
449 
MYI 
C,91H 
;COI1l'IflHl) 
89M 
CDE5llA 
450 
CALL 
COI9l 
i f£T 
PARAHETER ANI) ISSUE C(WlANI) 


l!9AD C35798 
451 
JI1P 
CI'IDREC 
; GET NEXT COIflAN() 


452 
; 


455 i sS - SET SERIAL 1/0 CO!'Il'IAHI) 
454 i 


119B9 0681 
455 
sSC1'ID: 
iff'I 
8..81H 
i' 
OF PARA~lETERS 
119B2 BEAll 
456 
MYI 
C,lIA9H 
; CO/1MANI) 


89B4 CDE5llA 
457 
CALL 
COI1I1 
; GET PARAI'IETERANI) ISSUE COI9IAND 
89B7 CS57118 
458 
Jt1P 
CMl)REC 
; GET NEXT co,"II'IAHI) 


459 i 
460 i SR - SELECTIYE RECEIVE COI1/1fHl 
461 i 
89BA 96114 
462 5R(Ml): 
I1YI 
B,94H 
i' 
OF PARAI1ETERS 
89BC eEC1 
46S 
MVI 
C,8CiH 
i COI1I'IAHO 


ll9BE CDE59A 
464 
CALL 
COM/1 
; GET PARAI1ETERS ANI> ISSUE C~ 
89C1 CS5788 
465 
J!'IP 
CI1DREC 
; GET NEXT COHl'IAHD 
466 i 
467 
; GR - GENERAL RECEIVE COI1t1ANI) 
468 
; 


89C4 9682 
469 
GRCIID: 
11111 
B,82H 
i t«l PARAI1ETERS 
ll9C6 eEC8 
478 
""'I 
C,llC8H 
;rOtlAN) 
ll9C8 CDE5llA 
471 
CALL 
COI1I1 
; ISSUE C~ 
89CB C557ll8 
472 
JI'lP 
CIIDREC 
; GET NEXT COIftlHD 
475 
; 
474 
; AF - ABORT FRAI1E COI1I'1flHI) 
475 i 


ll9CE 8688 
476 AFOO: 
""'I 
B, I!llH 
i NO PARAI1ETERS 


ll9I>8 SECC 
477 
"'.'I 
C,eccH 
; C{)tffN) 
ll9I>2 CDE5llA 
478 
CfU 
COllI! 
i IS5UE ClJftlN) 
1l905 CS57ll8 
479 
JIfl 
CI1DREC 
; GET /£Xl 
mtIAN> 
48ll ; 
481 
; RP - RESET PORT COtIfANI) 
482 i 


1l908 ll6ll1 
485 
RPCI'I): 
""'I 
B,8iH 
i' 
OF PARAI'ETERS 
Il90A 9E65 
484 
""'I 
C,6SH 
; rotlANl> 
Il90C CDE5IlA 
485 
Cfl.L 
COItl 
; f£T 
PARAl£TER fIN) ISSlE 
COItfN) 


99l)f 
CS5798 
486 
JIll 
ClIDREC 
; f£T 
NEXT rntIAN) 
487 
i 


488 
i SP - SET ~T 
C(JftN) 
489 i 
99E2 9681 
498 
SPC/I): 
IlYI 
B, ll1H 
i' 
OF PARAI£TERS 
ll9E4 9ER5 
491 
IlYI 
C, llffiH 
ieatlfH) 
ll9E6 CDE5IlA 
492 
Cfl.L 
rotl 
i GET PARAI£TER fH) 
ISSUE rotIlN) 


8!e C35788 
495 
JIfl 
Clt)REC 
i f£T 
HEX CMIfH) 
494 i 
495 
i TF - 
TRfIfSflIT 
FRM 
C(JIIN) 
496 i 
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09EC 210028 
497 TFCIIl): 
LXI 
H, CI10BUF 
j SET COMI'fflM)BUFFERPOINTER 
B9EF 8682 
498 
I'IYI 
B,82H 
j LOAD PARAI1ETERCOUNTER 
89F1 36C8 
499 
I'IYI 
M,0C8H 
j LOfID COMI'IflNI)INTO BUFFER 
89F3 218228 
see 
LXI 
Ii, CI'IDBUF+2 
jPOINT AT ADR AND CNTL POSITIONS 


89F6 78 
501 TFCIID1: I'IOY 
A,B 
i TEST PARAI£TER COUNT 


89F7 A7 
582 
ANA 
A 
i IS IT 8' 


89F8CAll7eA 
593 
JZ 
TBUFL 
i YES, LOAD TX DATA BlfFER 
89FB CDAOOA 
504 
CALL 
PARIN 
;GETPARAI1ETER 
89FE DAA788 
585 
JC 
ILLEG 
j ILLEGAL CHR RETURNED 
8A81 23 
586 
INX 
H 
; INC COI'II'!ANDBUFFER POINTER 
8A82 85 
507 
OCR 
B 
; DEC PARAI'IETERCOUNTER 
8A83 77 
508 
MOV 
I'I,A 
j LOAD PARAtETER INTO COI'\AAN)BUFFER 
8A84 C3F689 
599 
Jt1P 
TFCI'I)1 
.;GET NEXT PARfVtfETER 
518 
8Ae7210088 
511 TBUFL: 
LXI 
H, TXBUF 
iLOAD TX DATA BUFFERPOINTER 
8A8A 810008 
512 
LXI 
B,8899H 
; CLEAR BC - BYTE COUNTER 
8A0D C5 
513 TBUFL1: PUSH 
B 
; SAYE BYTE COUNTER 
8A8E CDAOOA 
514 
CALL 
PARIN 
j GET DATA, ALIAS PARAl'lETER 
eA11 DA1BeA 
515 
JC 
ENDCHK 
j I'IAYBEEND IF ILLEGAL 
eA14 77 
516 
MaY 
1'1,A 
; LOAD DATA BYTE INTO BUFFER 
eA15 23 
517 
INX 
H 
i INC BUFFERPOINTER 
8A16 C1 
518 
POP 
B 
j RESTOREBYTE COUNTER 
eA17 83 
519 
INX 
B 
;INC 
BYTE COUNTER 
8A18 C3800A 
528 
JI'IP 
TBUFLl 
j GET NEXT DATA 
8A1B FEeD 
521 ENOCH!<:CPI 
CR 
; RETURNEDILLEGAL CHR CR' 


8A1D CA240A 
522 
JZ 
TBUFFL 
; YES, THEN TX BtfFER 
FULL 
8A28 C1 
523 
POP 
B 
; RESTOREB TO SAVE STACK 


8A21 C3A788 
524 
JIt> 
ILLEG 
iILLEGAL 
CIJIl 
eA24 C1 
525 TBUFFL: POP 
B 
; RESTOREBYTE COUNTER 
8A25 218128 
526 
LXI 
Ii, CIt>BUF+1 
; POINT INTO CtllI'IAND BUFFER 
eA28 71 
527 
I'IOY 
I'I,C 
; STOREBYTE COUNTLSB 


8A29 23 
528 
INX 
H 
; INC POINTER 
8A2A 70 
529 
I10V 
!'LB 
; STOREBYTE COUNTI'ISB 
8A2B 8684 
538 
!'IVI 
B,84H 
i LOAD PARAI'ETERCOUNTINTO B 
eA2D 21368A 
531 
LXI 
Ii, TFRET 
j GET ~N 
ADR F(Jl THIS ROUTINE 
8A38 C5 
532 
PUSH 
B 
; PUSH OI£E 
eA31 E3 
533 
XTHL 
; PUT ~N 
011STACK 
eA32 C5 
534 
PUSH 
B 
; PUSH IT SO CI'IDOUTCAN USE IT 
8A33 C3F88A 
535 
JI'IP 
CI'IDOUT 
; ISSUE COI'II'IAI{l 
eA36 C35788 
536 TFR£T: 
JI'lP 
CI1DREC 
i GET NEXT CMtAII> 
537 i 
538 
j 


539 ;ROOTINE TO DISPlA'r' RESULT IN RESULT BUFFER WHENLM> 
fH) 
CONSOLE 


548 ; POINTERS ARE DIFFERENT. 
541 i 
542; 
eA39 1685 
543 DISPY: 
I'IYI 
D,85H 
; D IS RESULT ~TER 
8A3B 2A1328 
544 
LHLD 
CNADR 
; GET CONSCli POINTER 
llA3E E5 
545 
PUSH 
H 
; SAVE IT 
8A3F 7E 
546 
I'IOV 
fl,1'I 
i GET RESll. T IC 
8A48 E61F 
547 
ANI 
1FH 
iLII'IIT 
TO RESULT CODE 
8A42 FE8C 
548 
CPI 
OCH 
j TEST IF RX OR TX SOlm 
8A44 Dfl629A 
549 
JC 
~ 
i CMRY, 
THEN RX Sllm 
8A4721C38C 
sse TXSa1C: LXI 
Ii, TXII'ISG 
iTX 
INT 1£5~ 
8A4A CD928: 
551 
CfU 
TYItSG 
i DISPlA'r' 
IT 
llfl4I) E1 
552 DI5PY2: 
POP 
H 
; RESTOREC(I6(U 
POINTER 
8A4E 7E 
553 DI5PY1: 
I«lY 
fl," 
; GET RESll. T 
9fl4f 
COC7i6 
554 
CfU 
IflOUT 
i CClMRT 
fH) 
DISPlA'r' 
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0A57 
2C 
557 
INR 
L 
; INC BUFFER POINTER 


0A58 
15 
558 
DCR 
D 
; DEC RESll T COUNTER 


eA59 
C24EeA 
559 
JHZ 
DISPY1 
;OOT 
DONE 


0A5C 
221320 
569 
SHLD 
CNADR 
; UPDATE CONSOLE POINTER 


0A5F 
05708 
561 
JI1P 
Cf1DREC 
; RETURN TO LMl 


562 
; 


563 
; 


564 
; RECEIVER 
SOURCE - 
DISPLAY 
RESULTS ANl) RECEYIE 
BUFFER CONTENTS 


565 
; 


566 
; 


0A62 
21B80C 
567 
RXSORC: 
LXI 
H,RXIHSG 
; RX INT 
/'IESSAGE AOR 


eA65 
CD920C 
568 
CALL 
TYI'tSG 
; DISPLAY 
I'IESSOOE 


0A68 
E1 
569 
. 
POP 
H 
; RESTORE CONSClE 
POINTER 


0A69 
7E 
570 
RXS1: 
1'101/ 
A,I'I 
; RETRIEYE 
RESULT FRa1 
BUFFER 


0A6A 
COC706 
571 
CALL 
NIIOOT 
;CONYERT 
AND DISPLAY 
IT 


0A6D 
0E20 
572 
I'll/I 
C,' 
I 
; ASCII 
SP 


0A6F 
CDF805 
573 
CALL 
ECHO 
; DISPLAY 
IT 


0A72 
2C 
574 
INR 
L 
; INC CONSOLE POINTER 


eA73 
15 
575 
DCR 
D 
; DEC RESULT COUNTER 


eA74 
7A 
576 
11011 
A,D 
; GET SET TO TEST COUNTER 


eA75 
FE04 
577 
CPI 
94H 
; IS 
THE RESlU 
R8? 


eA77 
CAA2eA 
578 
JZ 
R8PT 
; YES, 
GO SAYE 
IT 


0A7A 
FE03 
579 
CPI 
03H 
; IS 
THE RESULT Ri? 


eA7C 
CAA70A 
588 
JZ 
RiPT 
; YES, 
GO SAVE 
IT 


0A7F 
A7 
581 
RXS2: 
ANA 
A 
; TEST RESULT COlMER 


I3A80 C269llA 
582 
JHZ 
RXS1 
; NOT DONE YET, 
GET NEXT RESUl. T 


0A83 
221320 
583 
SHLD 
CNAOR 
;OM, 
SO lJPI)flTE 
CONSOLE POINTER 


0A86 
CDEBe5 
584 
CALL 
CRLF 
; DISPLAY 
CR 


0A89 
210082 
585 
LXI 
H,RXBlf 
; POINT 
AT RX BUFFER 


0A8C C1 
586 
POP 
B 
; P.ETRIEYE 
RECEIYED 
COl.trr 


llA8D 
78 
587 
RXS3: 
i'IOY 
A,B 
; IS 
COONT 0? 


llA8E 
B1 
588 
ORA 
C 


0A8F 
CA5708 
589 
JZ 
CMOREC 
; YES, 
GO BACK TO LMl 


0A92 
7E 
590 
110'0' 
A,II 
;00, 
GET CHR 


llA93 
C5 
591 
PUSH 
B 
;SAYE 
Be 


llA94 
COC706 
592 
CALL 
/fIOOT 
; CONYERT AND DISPLAY 
CII1 


0A97 
ilE20 
593 
IIVI 
C,' 
, 
; ASCII 
SP 


0A99 
CDF805 
594 
CALL 
ECHO 
; DISPLAY 
IT 
TO SEPARATE DATA 


0A9C C1 
595 
POP 
B 
; RESTORE BC 


0A9D 
0B 
596 
OCX 
B 
;[)ECCOUNT 


IlA9E 
23 
597 
INX 
H 
; INC POINTER 


0A9F 
C3800A 
598 
Jlf' 
RXS3 
; GET I£XT 
CII1 


599 


0AA2 
4E 
6ee 
RePT: 
1'10'0' 
C,I'I 
; GET R0 FOR RESULT BlFFER 


0AA3 
C5 
601 
PUSH 
B 
;SAYE 
IT 


0AA4 
C37F0A 
692 
JI'f 
RXS2 
; RETI.IRN 


693 
0AA7 
C1 
694 
RiPT: 
POP 
B 
; GET R0 
9AA8 
46 
605 
I'IOV 
B," 
; GET Ri 
F~ 
RESll. T BlfFER 
eM9 
C5 
686 
PUSH 
B 
; SflIr'E 
IT 


eAAfl 
C37FeA 
697 
JIll 
RXS2 


688 
; 


689 
; 


619 
; 


611 
; ~AI1ETER 
I~T 
- 
PARAl'ETER 
RETURIED 
IN 
E REGISTER 


612 
; 
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613 ; 


llAAD CS 
614 PARIN: 
PUSH 
B 
; SAVE Be 
llAAE 1681 
615 
11111 
D.•81H 
; SET CHR COUNTER 
0AB0 CD1Fe6 
616 
CALL 
GETCH 
;GET CHI< 


9AB3 CDF80S 
617 
CALL 
ECHO 
.;ECHO IT 
8AB6 79 
618 
110V 
A, C 
; PUT CHR IN A 
eAB7 FE28 
619 
CPI 
;5P? 


eAB9 C2EeBA 
629 
JHZ 
PARINi 
; NO, ILLEGAL 
TR't' AGAIN 


8ABC CD1F06 
621 PARINS : CALL 
GETCH 
; GET CHR OF PARMTER 
8ABF CDFOOS 
622 
CALL 
ECHO 
; ECHO IT 
eAC2 CDSEe7 
623 
CALL 
't'ALDG 
;15 
IT A VALID CHR? 


aACS D2E88A 
624 
JNC 
PARINi 
; NO, TR't' AGAIN 
8AC8 CDBBes 
625 
CALL 
CNl'BN 
; CONVERTIT TO HE''': 


eACB 4F 
626 
110V 
C, A 
; SAVE IT IN C 
BACC 7A 
627 
MaV 
A,D 
; GET CHI<COUNTER 
BACD A7 
628 
ANA 
A 
;IS 
IT 8" 


BACE CADceA 
629 
JZ 
PARIN2 
; YES,DONEWITH THIS PARAI'1ETER 


eAD1 15 
638 
DCR 
D 
; DEC CHR COUNTER 


eAD2 AF 
631 
XRA 
A 
; CLEAR CARR't' 
8AD3 79 
632 
110V 
A,C 
; RECOVER1ST CHR 
BAD4 17 
633 
RAL 
;ROTATE LEFT 4 PLACES 
8ADS 17 
634 
RAL 
BAD6 17 
635 
RAL 
BAD7 17 
636 
RAL 
BAD8 SF 
637 
110V 
E,A 
; SAVE IT IN E 
8AD9 C3BC0A 
638 
.IMP 
PARIN3 
; GET NEllI CfiR 
0A0C 79 
639 PARIN2: 11Q11 
A,C 
.;200 CHI( IN A 
8ADD B3 
648 
ORA 
E 
; CMlINE 
BOTH CHRS 
8ADE C1 
641 
POP 
B 
;RE5TORE Be 
8ADF C9 
642 
RET 
; RETURNTO CALLING PROGRAtI 
H8 
79 
643 PARIN1: I10V 
A,C 
; PUT ILLEGAl.. CHR IN A 
0AE1 37 
644 
STC 
; SET CARRYAS I LLEGfl. STATUS 


0AE2 C1 
645 
POP 
B 
;RESTORE Be 
9AE3 C9 
646 
RET 
.;RETURNTO WING 
PROGRfIl 
647 ; 
648 ; 
649 ; JI.IlP HERE IF BUFFERFULL 
6S9 ; 


9AE4 CF 
651BliFFUl:DB 
OCFH 
; EXIT TO IOIITOR 
6S2 ; 
62 
; 


6S4 ; COI'Il'IfN) DISPATCHER 
655 ; 
656 ; 
8AE5 218820 
657 C()II1: 
LXI 
H.•CI1DBUF 
; SET POINTER 
9AE8 C5 
658 
PUSH 
B 
; SAVE Be 
BAE9 71 
659 
I1O't' 
1'1,C 
; L~ 
COI1MlI) INTO BlfFER 
0AEA 78 
668 COIt11: 
I1QII 
A,B 
; ClEeK PARAI1ETERCOlMER 
HB 
A7 
661 
Atfl 
A 
; IS IT 8? 
HC 
CAFB8A 
662 
JZ 
QlOOJT 
; YES, GO ISSL£ COIIfM) 
0AEF CDflOOA 
66J 
CALL 
PAkIN 
; GET PARAPlETER 
llAF2 DAA798 
664 
JC 
ILLEG 
; ILLElR 
CHR RETURNED 
9AF5 23 
66S 
INX 
H 
• ; II«: w=FER POINTER 
1lAF6 95 
666 
OCR 
B 
; DEC ~ER 
COltlTER 
1lAF7 77 
667 
I1O't' 
I'I,A 
; PfRJ£TER 
TO MFER 
1lAF8 ClEflllA 
668 
,»f) 
mtl1 
;GETt£XT~ 
IlAFB 218820 
669 CII>OOT: LXI 
It Cft)Illf= 
; REPOINT POINTER 
IlAFE C1 
679 
PlJ' 
B 
; RESTlIlE PfIlAIETER 
CWfT 
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eAFF 0090 
671 C0I'1I'I2: 
IN 
STRrn 
; RERI) 8273 STAnJS 
0881 87 
672 
RLC 
.;ROTATE CBSY I NTO CARRY 
8802 DAFFllA 
673 
IC 
COi'lP12 
; WRIT FOR'OK 


0085 7E 
674 
t10V 
R,t1 
; OK, t10VE COI'IMANI)INTO A 
0I:l06 D390 
675 
OUT 
COMI'I73 
; OUTPUTCOt1t1AND 


8B88 78 
676 PARi: 
IfOY 
R,B 
; GET PRffi'IETER COIJlT 


llB89 R7 
677 
ANA 
R 
; IS IT 81 


0B8R CB 
678 
RZ 
; YES, OM.. 
RETURN 


8B88 23 
679 
INX 
H 
; INC COttlRNl) BUFFER POINTER 
0B8C 85 
680 
DCR 
B 
; DEC PARRI1ETERCOIJlT 
88BD 0890 
6S1 PRR2: 
IN 
STRrn 
; READ STRTUS 
88BF E628 
682 
. ANI 
CPBF 
; IS CPBF BIT SET? 
8811 C200eB 
683 
JNZ 
PAR2 
; WAIT T1L ITS 8 
8814 7E 
684 
t10y 
A,t1 
; OK, GET PARRt1ETERFROMBlFFER 


8815 D391 
685 
OUT 
PARII73 
; OUTPUTPARflI'lETER 
8817 C38B0B 
686 
JI1P 
PAR1 
; GET NEXT PARAl'lETER 
687.; 
688 ; 
689 ; IN ITI All ZE AND ENABLE RX DI1A CHANNEl. 
698 ; 
691 ; 


881R 3E62 
692 RXDI'IA: 
MYI 
A,DRDI'IA 
; DISABLE RX DI'fl CHANNEL 
881CD3AB 
693 
OUT 
1'llDE57 
.;8257 I«l'JE PORT 
881E 818882 
694 
LXI 
B,RXBUF 
; RX BlfFER 
START flOORESS 
0821 79 
695 
l'lOy 
A,C 
.;RX BUFFER L58 
0822 D3A0 
696 
OUT 
CH0ADR 
; CHll AOR PORT 
0824 78 
697 
t10V 
ItB 
; RX BUFFER 1'l58 
0825 D3A8 
698 
OUT 
CHeADR 
.;CHe AOR PORT 
8827 81FF41 
699 
LXI 
B, RXTC 
.; RX CH TEERt1I HAL COLINT 
082A 79 
700 
l'lOy 
A,C 
; RX TERI'lINAl. COUNTL58 
882B D3A1 
701 
OUT 
CHllTC 
; CHe TC PORT 
882D 78 
782 
I'lOY 
A,B 
; RX TERPlINfl. CMT 
IIS8 
082E DW 
703 
OUT 
CHllTC 
; CH0 TC PORT 
8838 3E63 
704 
I'lYI 
It ENDI'lA 
; ENABLE DI'fl WORD 
8832 D3AB 
785 
OUT 
1'lODE57 
; 8257 I100E PORT 
8834 C9 
786 
RET 
; RETURN 
707 ; 
788 ; 
789 ; INITIAlIZE 
IN) aRlL.ETX 
DI'fl ClRlNEL 
718 ; 
711 ; 


8835 3E61 
712 TXDI'IA: 
I'lYI 
It DTDI1A 
; DISABLE TX DI'fl CIRf£I.. 


8837 D3A8 
713 
OUT 
PIlDE57 
; 8257 I«l'JE PORT 
8839 818888 
714 
LXI 
B, TXBI.F 
; TX BUFFER START flOORESS 
883C 79 
715 
I10Y 
ItC 
; TX BLfFER LS8 
883D D3A2 
716 
OUT 
CHiADR 
; CHi ADR PORT 
883F 78 
717 
I'lOY 
ItB 
; TX BLfFER IIS8 
llB48 D3A2 
718 
OOT 
CIf1A)R 
; CHi ADR PORT 
9842 81FF81 
719 TXDIlR1: LXI 
B, mc 
; TX CH TERPlINfl. COLtlT 
9845 79 
728 
I()Y 
ItC 
; TX TERPlINfl. cwrr 
LS8 
ll846 D3A3 
721 
OUT 
CHiTC 
;CH1 TC PORT 
ll848 78 
722 
I()Y 
ItB 
; TX TERPlINfl. cwrr 
IIS8 
11849D3A3 
723 
OOT 
CHiTC 
;CH1 TC PORT 
8B4B 3E63 
724 
I'lYI 
It EIi>IlA 
; Etfllll.E 
DIlA WORD 
ll84I) D3A8 
725 
OUT 
1'lOOE57 
; 8257 I'lODEPORT 
ll84F C9 
726 
RET 
; RETURII 
727 ; 
72B ; 
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m; 
733; 
734 ; RECEIYER INTERRUPT- RST 7. 5 (LOC 3CH) 
735 .; 


ece8 E5 
736 RXI: 
PUSH 
H 
; SAVE HL 
OClli F5 
737 
PUSH 
PSW 
;SAVE PSW 


OC82 C5 
738 
PUSH 
B 
;SAVE Be 
ac83 05 
739 
PUSH 
0 
;SAVE DE 
0C84 3E62 
748 
I1YI 
A..OROI'IA 
; DISABlE RX 0I1A 
llC96 D3A8 
741 
OUT 
tKlOE57 
; 8257 PmE PORT 
oces 3E18 
742 
I1YI 
A..18H 
; RESET RST7.5 FIF 
OC8A 38 
743 
5111 
ac8B 1604 
744 
I1YI 
o,04H 
; 0 IS RESULT COUNTER 
aceo 2A1828 
745 
LIU> 
LOADR 
.'GET Llm 
POINTER 
OC18 E5 
746 
PUSH 
H 
; SIM: 
IT 
8C11 E5 
747 
PUSH 
H 
; SIM: 
IT AGAIN 
OC12 45 
748 
I'IOY 
B.L 
; SAYE LSB 
OC13 2A132e 
749 
LHLo 
CNAOR 
; GET CONSOLEPOINTER 
OC16 04 
758 RXI1: 
INR 
B 
; BLtIP LOAD POINTER LSB 
OC17 78 
751 
I'IOY 
A,B 
; GET SET TO TEST 
OC18 SO 
752 
CI'IP 
L 
.;LOflD::COI6OLE? 
OC19 CAE48A 
753 
JZ 
BUFFUI.. 
.'YES, BlfFER 
FUl..L 
8C1C 15 
754 
OCR 
0 
; oEC COUNTER 
OC10 C2168C 
755 
JNZ 
RXI1 
.'NOT DONE, TRY AGAIN 
llC28 1685 
756 
I1YI 
0,85H 
i RESET COUNTER 
8C22 E1 
757 
POP 
H 
; RESTORELOAD POINTER 
8C23 0B98 
758 RXI2: 
IN 
STAm 
.'READ STATUS 
8C25 E608 
759 
ANI 
RXINT 
; TEST RX INT BIT 
llC27 CA398C 
768 
JZ 
RXI3 
i ()()£, 00 FINISH lP 


llC2A 0B98 
761 
IN 
STAm 
i REAl) STATUSAGAIN 
OC2C E682 
762 
ANI 
RXIRA 
;15 
RESULTREADY? 
OC2E CA239C 
763 
JZ 
RXI2 
; NO, TEST AGAIN 
1lC31 0893 
764 
IN 
RXIR73 
; YES, REfV) RESULT 
8C33 77 
765 
I10Y 
""A 
.'STORE IN BtffER 
OC34 2C 
766 
I~ 
L 
; INC BtffER 
POINTER 
OC35 15 
767 
OCR 
0 
iDEC ctWTER 
8C36 C323!lC 
768 
JJfl 
RXI2 
i GET ~ 
RESULTS 
8C39 7A 
769 RXI3: 
IlOY 
A,o 
i GET SET TO TEST 
8C3A A7 
778 
ANA 
A 
i fU RESULTS? 
8C3B CA458C 
771 
JZ 
RXI4 
i YES, SO FINISH Lf 
OC3E 3600 
772 
I1YI 
""88H 
.'NO, LCR> 8 TIL OCI£ 
8C48 2C 
m 
I~ 
L 
i BlW 
POINTER 
8C4115 
774 
OCR 
0 
iDECCOONTER 
8C42 C3398C 
775 
JJfl 
RXI3 
i GO AGAIN 
8C45 221829 
776 RXI4: 
9LO 
LI)fI)R 
i LfDATE Llm 
POINTER 
8C4S 3A1528 . 
m 
LOA 
PRI'IPT 
; GET I100E IN)ICAT~ 
8C4S FE2I) 
778 
CPI 
'-' 
; NmfL 
1lOOE? 
8C40 CA858C 
779 
JZ 
RXI6 
; YES, CL.EfIl lP BEFORERETI.RN 
788 ; 
781 ; 
POLL I100E SO C1£CK CONTROLBYTE 
782 ; 
IF COOTROLIS A Pa.L 
SET IF SPECIfI. TX Cl»IflAN) BtffER 


783 ; 
IN) RETURNWITH POLL IN)ICAT~ 
NOT 8 
784 .' 


8C50 E1 
785 
P(fl 
H 
i GET PREYIOOSLOfI) ADR POINTER 


~7E 
786 
IlOY 
A..11 
; GET IC BVTE FRlJI BlfFER 
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iCI\.r,JO 
"'\0- 
(:7<l 
!I'II'( 
L 
OC59 2C 
791 
INR 
L 
BC5A 56 
792 
I10V 
D,i'I 
; GET ADR BYTE AND SAVE IT 
IN D 
Be5B 2C 
793 
INR 
L 
OCSC7E 
794 
I10V 
A,i'I 
; GET CNIL BYTE FROI1BUFFER 
ilC5D FE93 
795 
CPI 
SNR~1P 
j WAS IT SNRPI-P? 
eC5F CA6COC 
796 
JZ 
U 
; YES, GO SET RESPONSE 
OC62 FE11 
797 
CPI 
RReP 
j liAS IT RR(9)-P? 
OC64 C2899C 
798 
JNZ 
RXI5 
; YES, GO SET RESPONSE..OTt£RWISE RET~ 
0C67 1E11 
799 
i'lVI 
E, RReF 
; RR(9)-P 
SO SET RESPONSETO RR<9>-F 
OC69 C36EBe 
BOO 
Ji'IP 
TXRET 
; GO FINISH 
LOADING SPECIAL BUFFER 
OC6C 1m 
Be1 U: 
i'lVI 
E,NSAF 
; ~-P 
SO SET RESPONSETO NSA-F 
OC6E 212929 
892 TXRET: 
LXI 
H.•CI'lDBF1 
; SPECIAL BUFFER ADR 
eC71 36C8 
896 
HVI 
H,OCSH 
; LOAD TX FRAI1ECOItfAN) 
Ben 
23 
888 
INX 
H 
; INC POINTER 
Be743689 
899 
MVI 
M,eeH 
;L9=9 
Be76 23 
810 
INX 
H 
; INC POINTER 
OC77 3600 
811 
i'lVI 
/1,eeH 
;L1=8 
OC79 23 
812 
INX 
H 
; INC POINTER 
OC7A 72 
813 
I10Y 
/1,D 
; LOAD ReV[) AI>R BYTE 
OC7B 23 
814 
INX 
H 
; INC POINTER 
OC7C n 
815 
I10V 
i'I,E 
; LOAD RESPONSECNTL BYTE 
OC7D SE91 
816 
i'lVI 
A,9iH 
; SET POLL IN[) ICATOR NOT 9 
OC7F 321629 
817 
STA 
~IN 
; LOAD POLL INDICATOR 
OC82 C3890C 
818 
JMP 
RXI5 
; RETURN 
819 
9CS5 E1 
829 RXI6: 
POP 
H 
; CLEAN UP STACK IF NORt1ALID)E 
OC86 C3899C 
821 
JIIP 
RXI5 
; RETURN 
822 
OC89 CD1AeIl 
823 RXI5: 
CfU 
RXDi'IA 
; RESET [)ffl CHANNEL 
0C8C [)1 
824 
PIF 
D 
; RESTOREREGISTERS 
Be8D C1 
825 
POP 
B 
0C8£ F1 
826 
POP 
PSW 
OCSF E1 
827 
POP 
H 
9C98 FB 
828 
EI 
; EImE 
INTERRUPTS 
OC91 C9 
829 
REI 
; RETURN 
839 ; 
831 
j 
832 ; I£SSAGE TVPER - ASSUi'IESI£SSAGE STARTS AT HI. 
833 ; 
834 ; 
9C92 C5 
835 T'r'i'ISG: 
Pl.JSH 
B 
; SAVE BC 
OC93 7E 
836 TI'I'ISG2: IIOV 
A,i'I 
; GET ASCII 
~ 
0C94 23 
837 
INX 
H 
; INC POINTER 
0C95 FEFF 
838 
CPI 
9FFH 
; STlF? 
OC97 CAA10C 
839 
JZ 
T'r'I1SG1 
; YES. GET SET FlJl EXIT 
9C9A 4F 
848 
I'IOV 
C,A 
; SET UP FOR DISPLAY 
0C9B CDF885 
841 
CALL 
ECHO 
; DISPLAY CHR 
0C9E C3930C 
842 
JIll 
T'r'IlSG2 
; GET NEXT CIIl 
9CA1 C1 
843 T'r'I1SG1: POP 
B 
; RESTlJlE Be 
9CA2 C9 
844 
REI 
; RETURN 
845 ; 
846 ; 
847 ; SIGIOl 
I£SSAGE 
&48 ; 


2·314 
AJ'NoOOll11" 


9CF8 3680 
892 
I'll/I 
l1,eeH 
9CFA 2C 
893 
INR 
L 
9CFB 221020 
894 
SHLD 
LDAI>R 
;UPDATE LOADPOINTER 
9CFE CD358B 
899 
CALL 
TXDI1A 
; RESETDt1ACHANNEL 
9D81 D1 
900 
POP 
D 
;RESTOREDE 


8002 C1 
901 
POP 
B 
; RESTOREBC 
0003 F1 
992 
POP 
PSW 
; RESTOREPSW 
0D84 E1 
983 
Pc.:> 
H 
; RESTOREHI. 


llD85 FB 
984 
EI 
; Et*lBLE INTERRUPTS 
9DIl6 C9 
905 
RET 
; RETURN 
986 ; 
987 ; 
952 ; 
953; 
954 
END 


PlIllI 
C 5YI'IBOL.S 


EXTERNAl..5YI1BOl.S 


lISER S'r'tIlOL5 
AI>IIl 
A 9922 
AFOO 
A ll9CE 
BlffU.. 
A 1lAE4 
CH8fI)R A eeA8 
CHIlTC A 8llA1 
CH1fI)R A ll8A2 
CHiTC 
A lI9A3 
0051 
A 9927 
CI1DBF1A 2829 
CII>BlF A 2eee 
Ct100UTA llAFB 
OOREC A 0057 
CIlOOE A 8931 
OR>R 
A 2813 
00953 
A 999C 
CHT153 A 9090 
00253 
A 989E 
CNTL51 A ll8B9 
cmc 
A ll093 
CNIIIlN A 85B8 
COOR 
A 99lK: 
COllI 
A eRE5 
COItI1 
A IlAEfl 
C0III2 
A 9AFF 
rot173A 
ge98 
CPBF 
A 0928 
CR 
A 88lJI) 
CRLF 
A ll5EIl 
DEI1 
A 8888 
DEIlOOEA 2827 
DISPY 
A 8A39 
DISPY1 A 8A4E 
DISPY2 A 8A4O 
DRDPlA A ll962 
DTDI'IA A 8061 
EO«) 
A 85F8 
OOCHK A 8A1B 
EII)IlA 
A 8863 
WWH 
A 8BFF 
GETCH A 861F 
GETOO A 9871> 
(ilOI) 
A ll9C4 
IlliG 
A 88A7 
L.DADR A 2818 
LF 
A 888A 
LKBR1 A 2817 
LKBR2 A 2818 
LlOlIT 
A 8861 
1I>CHT8A 8836 
1I>CHT2A ll886 
11DE51 A 88CE 
1lODE53A ll89S 
/lODES?A ~ 
IDITOR A 888B 
IfOJT 
A 86C7 
NSfF 
A 8873 
~ 
A 8B8B 
PAR2 
A 9Il8I) 
PARIN A 8fR) 
PARINi A 8AE8 
PARIN2 A 8fI)C 
PARIN3 A BFmC 
PAIM73 A 81191 
Pa.IH 
A 2816 
PRIlPT A 2815 
RIlPT 
A 1m2 
R1PT 
A llFWl7 
RBCI1D A 8978 
RDCI'ft) A 8971 
RDIII 
A 8BAF 
RDY 
A llOO2 
RE5Blf A 2B08 
RESI.73 A 81191 
ROC/I) A 8.951> 
RPCII) 
A 89DS 
RRllF 
All811 
RR8P 
A 8811 
R5OI) 
A 8967 
R5T65 
A 28CE 
R5T75 
A 28D4 
RXBlf 
A B208 
0051 
A ll88B 
RXDI!A A llB1A 
RXI 
A 0C99 
RXI1 
A 8C16 
RXI2 
A 8C23 
RXB 
A 8C39 
RXI4 
A 8C45 
RXI5 
A 8C89 
RXI6 
A 8CB5 
RXII1SGA 8C88 
RXIHT 
A 8888 
RXIR73 A 8893 
RXIRA A 8882 
RX51 
A 8A69 
RXS2 
A 8A7F 
RX53 
A IRll) 
RXS(g 
A 8A62 
mc 
A 41FF 
5IlCIIl 
A 89SS 
5DIofI 
A llBI)7 
SIlHlN 
A 8CA3 
5LCII) 
A 898F 
SfIM> 
A 8893 
~ 
A 89A6 
SPCIt) 
A 89E2 
5RC/'I) A 89BA 
SSCI'lD A 89B8 
START A 8S80 
STAT51 A Il8B9 
STAT57 A 88AB 
STArn 
A ll898 
5Tl<SRTA 28C8 
5W 
A 8943 
T1 
A 8C6C 
TBtflL 
A 8A24 
TBUFL A 8A87 
TBlfL1 
A llAIlD 
mil 
A 898E 
TE5T73 A Il892 
TFOOA 
89EC 
TFOO1 A 99F6 
TFRET A 8A36 
TLCI'() A 8999 
TRl£ 
A 8888 
TRlE1 
A 8889 
TXBlF 
A B898 
TXD51 A 888ll 
TXDIfl 
A 8835 
TXDIfl1 A 8842 
TXI 
A 8CCE 
TXI1 
A 8CE8 
TXII1SGA 8CC3 
TXIHT 
A 891M 
TXIR73 A ee92 
TXIRA 
A ll091 
TXro.. 
A 994C 
TXRET A 8C6E 
TXS{I!C A 8A47 
TXTC 
A B1FF 
T'r'tISG A IlC92 
T'r'tISG1A 8CA1 
T'r'tISG2A 8C93 
YfLOO 
A 875E 
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WITHTHE 8274 


MULTI- PROTOCOLSERIAL CONTROLLER 


The 8274 Mul ti -protocol 
serial 
con troll 
er 
(MPSC) is 
a sophisticated 
dual-channel 
cOllm,mications 
con troll 
er 
that 
interfaces 
microprocessor 
systems 
to 
hi gh-speed 
ser- 
ial 
data 
1inks 
(at 
speeds 
to 880K bits 
per 
second) 
using 
synchronous 
or 
asynchronous 
protocols. 
The 8274 
interfaces 
easily 
to 
most 
common ~icroprocessors 
(e.g., 
8048, 
8051, 
8085, 
8086, 
amd 8088), 
to 
DMAcon- 
troll 
ers 
such 
as 
the' 8237 and 8257, 
and 
to 
the 
8089 
I/O 
processpr. 
Both 
MPSCCOr.1- 
r.1unication 
channels 
are 
co~p1etely 
independent 
and 
can 
operate 
in 
a 
full-duplex 
com~unication 
T:lOde 
(sir.ul 
taneous 
data 
transr.1ission 
and 
recepti 
on. 


The 8274 
performs 
many communications 
oriented 
functions, 
including: 


Converting 
data 
bytes 
from a mi cro- 
processor 
system 
into 
a serial 
bit 
strear.1 
for 
transmission 
over 
the 
data 
1ink 
to 
a receiving 
system. 


Receiving 
serial 
bit 
streams 
and recon- 
verting 
the 
data 
into 
parallel 
data 
bytes 
that 
can 
easily 
be 
processed 
by 
the 
microprocessor 
systen. 


Performing 
error 
checking 
during 
data 
trans 
fer s. 
Error 
check ing 
functi 
ons 
include 
conputing/transmi 
tting 
error 
codes 
(s uch 
as 
par ity 
b its 
or CRC 
bytes) 
and 
using 
these 
codes 
to 
check 
the 
validity 
of 
received 
data. 


Operating 
independently 
of 
the 
system 
processor 
in 'a manner 
designed 
to 
reduce 
the 
syster.1 
o'verhead 
involved 
in 
data 
transfers. 


System 
Interface 


The MPSC system 
interface 
is 
extremely 
flexible, 
supporting 
the 
fo" 
C7f/ing data 
trans 
fer 
modes: 


1. 
Poll ed M:>de. 
The sys tern processor 
periodically 
reads 
(polls) 
an 8274 
status 
register 
to 
determine 
when a 


character 
has 
been 
received, 
when a 
character 
is 
needed 
for 
transmiss 
ion, 


and when transmission 
errors 
are 
detected. 


2. 
Interrupt 
tt>de. 
The MPSC interrupts 
the 
system 
processor 
when a character 
has 
been 
received, 
when a character 
is 
needed 
for 
transmission, 
and ~A1en 
transmission 
errors 
are 
detected. 


3. 
DMAMode. 
The I1PSC automatically 
re- 
quests 
data 
transfers 
from 
system 
r.1emory for 
both 
transmit 
and 
receive 
functions 
by means 
of two rJo1Arequest 
si gnals 
per 
serial 
channel. 
These 
rJo1A 
request 
signals 
may be 
directly 
inter- 
faced 
to 
an 8237 or 
8257 rJo1Acon troll 
er 
or 
to 
an 8089 
I/O 
processor. 


4. 
WAIT Mode. 
The MPSC ready 
si gna' 
is 
used 
to 
synchronize 
processor 
data 
transfers 
by forcing 
the 
processor 
to 
enter 
wait 
states 
until 
the 
8274 
is 
ready 
for 
another 
data 
byte. 
This 
feature 
enables 
the 
8274 
to 
interface 
directly 
to 
an 8086 or 
8088 
processor 
by means 
of string 
I/O instructions 
for 
very 
hi gh speed 
data 
1 inks. 


This 
appl ication 
note 
describes 
the 
use 
of 
the 
8274 
in 
asynchronous 
communication 
modes. 
Asynchronous 
cOrTmlnication 
is 
typi- 
call y used 
to 
trans 
fer 
da ta 
to/from 
vi deo 
display 
terminals, 
modems, 
printers, 
and 
other 
low-to-medium 
speed 
peri pheral 
de- 
vices. 
Use of 
the 
8274 
in 
both 
interrupt 
driven 
and 
polled 
syster.1 
environments 
is 
described. 
Use of the 
DMAand 
WAITmodes 
are 
not 
described 
since 
these 
modes 
are 
em- 
ployed 
mainly 
in 
synchronous 
cOr.mJnication 
syster.1S where 
extremely 
hi gh data 
rates 
are 
corrrnon. 
Prograrrrning 
exar.1ples 
are 
written 
in 
PL/M--86 
(Appendix 
B and Appendix 
C). 
PL/M-86 
is 
executed 
by the 
iAPX-86 
and 
iAPX-88 
processor 
families. 
In addition, 
PL/M-86 
is 
very 
similar 
to 
PL/M-80 
(executed 
by the 
MCS-80 and MCS-85 pro- 
cessor 
far.1ilies).In 
addition, 
Appendix 
D 
describes 
a simple 
application 
examp~e 
using 
an SDK-86 in 
an iAPX-86/88 
environment. 


2. 
Serial 
Asynchronous 
Data 
Links 


A serial 
asynchronous 
interface 
is 
a method 


of 
data 
transmission 
in which 
the 
receiving 


and 
transmitting 
syster.1s 
need 
not 
be syn- 


chronized. 
Instead 
of 
transmitting 
clock- 


ing 
information 
~/i th 
the 
data, 
locally 


generated 
clock s (16, 
32 or 64 times 
as 


fast 
as 
the 
data 
transmission 
rate) 
are 


used 
by the 
transmitting 
and 
receiving 
sys- 


tems. 
When a character 
of 
information 
is 


sent 
by the 
transmitting 
system, 
the 
char- 


acter 
data 
is 
framed 
(preceded 
and fol- 


lowed) 
by special 
STARTand 
STOP bits. 


This 
framing 
information 
permi ts 
the 
re- 


ceiving 
system 
to 
temporarily 
synchronize 


wi th 
the 
data 
transmission. 
(Refer 
to 


Fi gure 
1 during 
the 
foll owing 
di scuss ion 
of 


asynchronous 
da ta 
transmi 
ss i on. ) 


Figure 1. Transmission 
of a l·Bil 
ASCII Character with Even 


Parity 


Normally 
the 
data 
link 
is 
in 
an idle 
or 


marking 
state, 
continuously 
transmitting 
a 


"mark" 
(binary 
1). 
When a character 
is 
to 


be sent, 
the 
character 
data 
bits 
are 
im- 


mediately 
preceded 
by a "space" 
(binary 
0 


START bit). 
The mark-to-space 
transition 


informs 
the 
receiving 
system 
that 
a char- 


acter 
of 
information 
will 
irrrnediately 
fo~- 


low the 
start 
bit. 
Figure 
1 illustrates 


the 
transmission 
of a 7-bit 
ASCII character 


(upper 
case 
S) with 
even 
parity. 
Note 
that 


the 
character 
is 
transmitted 
immediately 


foll 
owing 
the 
start 
bit. 
Data 
bi ts 
wi thin 


the 
ch aracter 
are 
transmi 
tted 
from 
1eas t- 


significant 
to 
most-significant. 
The 


parity 
bit 
is 
transmitted 
immediately 
fol- 
lOi1ing 
the 
character 
data 
bi ts 
and 
the 
STOP 


framing 
bit 
(binary 
1) 
signifies 
the 
end of 


the 
character. 


Asynchronous 
interfaces 
are 
often 
used 
with 


human interface 
devi ces 
such 
as 
CRT/key- 


board 
units 
where 
the 
time 
between 
data 


transmissions 
is 
extremely 
variable. 


I n asynchronous 
mode characters 
may vary 
in 


1ength 
from 
five 
to 
ei ght 
bi ts. 
The ch ar- 


acter 
length 
depends 
on the 
coding 
method 
used. 
For example, 
five-bit 
characters 
are 


used 
when transmitti 
ng Baudot 
Code, 
seven- 


bit 
characters 
are 
required 
for 
ASCII data, 


and eight-bit 
characters 
are 
needed 
for 


EBCDIC and binary 
data. 
To transmit 
mes- 
sages 
compo~ed of mul ti pl e ch aracters, 
each 


character 
is 
framed 
and 
transmi 
tted 


separately 
(Figure 
2). 


This 
framing 
method 
ensures 
that 
the 
re- 


ceiving 
system 
can 
easily 
synchronize 
with 


the 
start 
and stop 
bits 
of 
each 
character, 


preventing 
receiver 
synchronization 
er- 


rors. 
In addition, 
this 
synchronization 


Jrethod 
makes 
both 
transmitting 
and receiv- 


ing 
systems 
insensitive 
to 
possible 
time 


delays 
between 
character 
transmissions. 
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Character 
framing 
is 
accompl ished 
by the 


START and STOP bits 
described 
previously. 


When the 
START bit 
transition 
(mark 
to 
space) 
is 
detected, 
the 
receiving 
system 


assuJres 
that 
a character 
of 
data 
will 
fol- 


low. 
In 
order 
to 
test 
this 
assumption 
(and 


isolate 
noise 
pulses 
on the 
data 
link), 
the 


receiving 
system 
wai ts 
one-hal 
f bi t 
time 


and samples 
the 
data 
link 
again. 
If 
the 


1ink 
has 
returned 
to 
the 
marking 
state, 


noise 
is 
assuJred, 
and 
the 
receiver 
waits 


for 
another 
START bit 
transition. 


When a val i d START bit 
is 
detected, 
the 
re- 


ce iver 
sampl es 
the 
da ta 
1 ink 
for 
each 
bit 


of 
the 
foll owing character. 
Character 
data 


bits 
and 
the 
parity 
bit 
(if 
required) 
are 


sampl ed at 
their 
nominal 
centers 
until 
all 


required 
characters 
are 
received. 
Immedi- 


ately 
foll 
owing 
the 
data 
bits, 
the 
receiver 


sampl es 
the 
da ta 
1 ink 
for 
the 
STOP bi t, 


indicating 
the 
end of 
the 
character. 
Most 


systems 
permit 
specification 
of 
1, 
1 '/2, 


or 2 stop 
bits. 


Timing 


The transmi 
tter 
and recei 
ver 
in 
an asyn- 


chronous 
data 
link 
arrangement 
are 
clocked 


independently. 
Normally, 
each 
clock 
is 


generated 
locally 
and 
the 
clocks 
are 
not 


synchronized. 
In 
fact, 
each 
clock 
may be a 


slightly 
different 
frequency. 
(In 
prac- 


tice, 
the 
frequency 
difference 
Should 
not 


exceed 
a few percent. 
If 
the 
transmi 
tter 


and 
receiver 
clock 
rates 
vary 
substantial- 


ly, 
errors 
will 
occur 
because 
da ta 
bi ts 
may 


be incorrectly 
identified 
as 
STARTor 
STOP 


framing 
bi ts.) 
These 
clocks 
are 
desi gned 


to 
operate 
at 
16, 
32, 
or 
64 times 
the 
com- 


r.lUnications 
data 
rate. 
These 
clock 
speeds 


allow 
the 
receiving 
device 
to 
correctly 


sample 
the 
incoming 
bit 
stream. 


Serial 
interface 
data 
rates 
are 
measured 
in 


bits/second. 
The term 
baud 
is 
used 
to 


specify 
the 
nUnDer of 
times 
per 
second 
that 


the 
transmitted 
signal 
level 
can 
change 


states. 
In 
general, 
the 
baud 
is 
not 
equal 


to 
the 
bit 
rate. 
Only when the 
transmitted 


signal 
has 
two states 
(electrical 
levels) 
is 
the 
baud 
rate 
equal 
to 
the 
bit 
rate. 
Most point-to-point 
serial 
data 
1inks 
use 


RS-232-C, 
RS-422, 
or 
RS-423 
electrical 


interfaces. 
These 
specifications 
call 
for 


two electrical 
signal 
levels 
(the 
baud 
is 


equal 
to 
the 
bit 
rate). 
Modem interfaces, 
however, 
may often 
have 
differing 
bit 
and 


baud 
rates. 


While 
there 
are 
generally 
no 1 imitations 
on 


the 
data 
transmission 
rates 
used 
in 
an 


asynchronous 
da ta 
1ink, 
a 1imi ted 
set 
of 


rates 
has 
been 
standardized 
to 
promote 


equipment 
interconnection. 
These 
rates 


vary 
from 
75 bi ts 
per 
second 
to 
38,400 
bi ts 


per 
second. 
Table 
1 illustrates 
typical 


Table 
1. CommunicatiOn 
Data Rates and Associated 
Transmitter/Receiver 
Clock 
Rates 


Data Rate (bits/second) 
Clock 
Rate (kHz) 


X16 
X32 
X64 


75 
1.2 
2.4 
4.8 
150 
2.4 
4.8 
9.6 
300 
4.8 
9.6 
19.2 


600 
9.6 
19.2 
38.4 
1200 
19.2 
38.4 
76.8 


2400 
38.4 
76.8 
153.6 


4800 
76.8 
153.6 
307.2 
9600 
153.6 
307.2 
614.2 


19200 
307.2 
614.4 
- 


38400 
614.4 
- 
- 


asynchronous 
data 
rates 
and 
the 
associated 


clock 
frequenci 
es 
requi red 
for 
the 
trans- 


mitter 
and receiver 
circuits. 


In order 
to 
detect 
transmission 
errors, 
a 


parity 
bit 
may be added 
to 
the 
character 


data 
as 
it 
is 
transferred 
over 
the 
data 


1 ink. 
The parity 
bit 
is 
set 
or 
cleared 
to 


make the 
total 
nurrber 
of 
"one" 
bits 
in 
the 


character 
even 
(even 
parity) 
or odd 
(odd 


parity). 
For 
example, 
the 
letter 
"A" is 


represented 
by the 
seven-bit 
ASCII code 


1000001 
(41H). 
The transmitted 
data 
code 


(with 
parity) 
for 
this 
character 
contains 


eight 
bits; 
01000001 
(41H) for 
even 
parity 


and 11000001 
(OC1H) for 
odd 
parity. 
Note 


that 
a singl 
e bit 
error 
changes 
the 
parity 


of 
the 
received 
character 
and 
is 
therefore 


easily 
detected. 
The 8274 
supports 
both 


odd and even 
parity 
checking 
as well 
as 
a 


parity 
disable 
roode to 
support 
binary 
data 


transfers. 


Serial 
data 
transmission 
between 
two de- 


vices 
can 
occur 
in 
one of 
three 
roodes. 
In 


the 
simplex 
transmission 
roode, a data 
link 


can 
transmi 
t 
data 
in 
one directi 
on only. 


In the 
half-dupl 
ex mode, 
the 
data 
1ink 
can 


transmit 
data 
in 
both 
directions, 
but 
not 


simul taneously. 
In 
the 
full -dupl ex mode 


(the 
most 
common), 
the 
data 
link 
can 
trans- 


mit 
data 
in both 
directions 
simul taneous- 


ly. 
The 8274 directly 
supports 
the 
full- 


dupl ex mode and will 
interface 
to 
s impl ex 


and half-duplex 
communication 
data 
1 inks 


with 
appropriate 
software 
control 
s. 


Asynchronous 
data 
1inks 
often 
incl ude a 


special 
sequence 
known as 
a break 
condi- 


tion. 
A break 
condition 
is 
initiated 
when 


the 
transmitting 
device 
forces 
the 
data 


1 ink 
to 
a spacing 
state 
(binary 
0) 
for 
an 


extended 
length 
of 
time 
(typically 
150 mil- 


liseconds). 
Many terminals 
contain 
keys 
to 


ini tiate 
a break 
sequence. 
Under 
software 


control, 
the 
8274 
can 
initiate 
a break 


sequence 
when transmi 
tting 
data 
and 
detect 


a break 
sequence 
~/hen receiving 
data. 


The 8274/processor 
hardware 
interface 
can 
be configured 
in 
a flexible 
manner, 
depend- 


ing 
on the 
operating 
mode selected 
-- 
poned, 
interrupt 
driven, 
[)lA, 
or WAIT. 


Fi gure 
3 ill us trates 
typi ca 1 MPSCcon- 
fi gura ti ons 
for 
use wi th 
an 8088 micro- 
processor 
in 
the 
polled 
and 
interrupt 
driven 
modes. 


The 8274 MPSC interfaces 
to 
the 
system 
pro- 


cessor 
over 
an 8-bit 
data 
bus. 
Each serial 


I/O channel 
responds 
to 
two I/O 
or 
memory 


addresses 
as 
shown in 
Table 
2. 
In addition, 


the 
MPSC supports 
vectored 
and 
daisy- 


chained 
interrupts. 


Table 
2: 
8274 Addressing. 
The 8274 
may be 


confi gured 
for 
memory mapped 
or I/O 
mapped 


operati 
on. 


All 
serial-to-parallel 
conversion, 
par- 
allel-to-serial 
conversion, 
and 
parity 
checking 
required 
during 
asynchronous 
seria 
1 I/O 
opera ti on is 
au toma ti call y 
performed 
by the 
MPSC. 


CS 
A, 
A, 
Read 
Operation 
Write 
Operation 


0 
0 
0 
Ch. A Oala Read 
Ch. A Data Write 


0 
1 
0 
Ch. A Status 
Read 
Ch. A Command/Parameter 


0 
0 
1 
Ch. B Data Read 
Ch. B Data Write 


0 
1 
1 
Ch, B Status 
Read 
Ch, B Command/Parameter 


1 
X 
X 
High Impedence 
High Impedence 


DATA BUS 


Rli 


\Vii 


8205 
A, 


A, 
MPSC 


CS 


RD 


WR 


b) 
Daisy-chained 
Interrupt 


Confi gura ti on 


Fi gure 
3: 
8274 Hardware 
Interface 
for 
Polled 
and 
Interrupt 
Driven 
Environments 


Operational 
Interface 


Command, pararreter, 
and 
status 
information 


is 
stored 
in 22 registers 
within 
the 
MPSC 


(8 writable 
registers 
and 3 readable 
regis- 


ters 
for 
each 
channel). 
These 
registers 


are 
all 
accessed 
by means 
of the 
com- 


mand/status 
ports 
for 
each 
channel. 
An 


internal 
pointer 
register 
sel ects 
which 
of 


the 
command or 
status 
registers 
will 
be 


written 
or read 
during 
a corrmand/status 


access 
of 
an MPSC channel. 
Fi gure 
4 dia- 


grams 
the 
command/status 
register 
architec- 


ture 
for 
each 
serial 
channel. 
In 
the 
fol- 


lowing 
discussion, 
the 
writable 
registers 


will 
be referred 
to 
as WROthrough 
WR7 and 


the 
readable 
registers 
will 
be referred 
to 


as 
RRO through 
RR2. 


COMMAND/STATUS 


I 


POINTER l 
02 
01 
DO 
_I 
w : 
R 
: 
o 
: 
: 
I 
: 
: 
I 
I 
0 
0 
0 
R 
R 


_I 
w 
R 
I I 


R 
R 
I 


_I 
w 
R 
I 
I 


R 
R 
I 


MSB 
LSB 


_I 
W 
I 


Read Registers 


R 


_I 
w 
R 
I 


.1 w 
R 
I 


_I 
w 
R 


_I 
w 
R 


MSB 
LSB 


Write Registers 


The least 
significant 
three 
bits 
of 
WROare 


autor:Jatically 
loaded 
into 
the 
pointer 
reg- 


ister 
every 
time 
WROis 
written. 
After 


reset, 
WROis 
set 
to 
zero 
so 
that 
the 
first 


write 
to 
a command register 
causes 
the 
data 


to be loaded 
into 
\~RO (thereby 
setting 
the 


pointer 
register). 
After 
WROis 
written, 
the 
foll 
(7,o/ing read 
or wri te 
accesses 
the 


regi ster 
sel ected 
by the 
pointer. 
The 


pointer 
is 
reset 
a fter 
the 
read 
or wri te 


operation 
is 
completed. 
In this 
manner, 


reading 
or 
wri ting 
an arbi trary 
MPSC chan- 


nel 
register 
requires 
two I/O 
accesses. 


The first 
access 
is 
a'ways 
a write 
com- 


mand. 
This 
write 
command is 
used 
to 
set 


the 
pointer 
register. 
The second 
access 
is 


AFN: 01995A 


either 
a read 
or 
a write 
co~nd; 
the 


pointer 
register 
(previously 
set) 
will 


ensure 
that 
the 
correct 
internal 
register 


is 
read 
or written. 
After 
this 
second 


access, 
the 
pointer 
register 
is 
automati- 
cany 
reset. 
Note 
that 
~lriting 
WROand 


reacftng 
RROdoes 
not 
require 
presetting 
of 


the 
pointer 
register. 


During 
initial 
ization 
and normal 
MPSC oper- 


ation, 
various 
registers 
are 
read 
and/or 


written 
by the 
system 
processor. 
These 


actions 
are 
discussed 
in 
detail 
in 
the 
fol- 


lowing 
paragraphs. 
Note 
that 
WR6 and WR7 


are 
not 
used 
in 
the 
asynchronous 
communica- 


tion 
modes. 


When the 
8274 RESET 1 ine 
is 
activated, 
both 


MPSC channels 
enter 
the 
idle 
state. 
The 


serial 
output 
1 ines 
are 
forced 
to 
the 
mark- 


ing 
state 
(high) 
and 
the 
modem interface 


signals 
(RTS, 
DTR) are 
forced 
high. 
In 


addition, 
the 
pointer 
register 
is 
set 
to 


zero. 


The MPSC continuously 
monitors 
the 
state 
of 


four 
external/status 
conditions: 
1. 
CTS - cl ear 
to 
send 
input 
pin. 
2. 
CD - carrier 
detect 
input 
pin. 
3. 
SYNDET- 
sync 
detect 
input 
pin. 
This 


pin 
may be used 
as 
a general 
purpose 


inpu t 
in 
the 
asynchronous 
comr:1unica ti on 


mode. 
4. 
BREAK- a break 
condition 
(series 
of 


space 
bi ts 
on the 
receiver 
input 
pin). 


A change 
of 
state 
in 
any of 
these 
monitored 


conditions 
will 
cause 
the 
associated 
status 


bit 
in 
RRO (Appendix 
A) to 
be latched 
(and 


optionally 
cause 
an interrupt). 


Error 
Reporting 


Three 
error 
conditions 
may be encountered 


during 
data 
recepti 
on in 
the 
asynchronous 


mode: 


1. 
Parity. 
If 
parity 
bits 
are 
computed 


and 
transmi 
tted 
wi th 
each 
character 
and 


the 
MPSC is 
set 
to 
check 
parity 
(bit 
0 


in WR4 is 
set), 
a parity 
error 
will 


occur 
~enever 
the 
number 
of 
"1" bits 


wi thin 
the 
character 
(including 
the 


parity 
bit) 
does 
not 
match 
the 
odd/even 


setting 
of 
the 
parity 
check 
flag 
(bit 
1 


in 
WR4). 
_ 


2. 
Framing. 
A framing 
error 
will 
occur 
if 


a stop 
bit 
is 
not 
detected 
illlTlediately 


following 
the 
parity 
bit 
(if 
parity 


checking 
is 
enabled) 
or 
illlTlediately 


foll 
owing 
the 
most-si 
gnifi 
cant 
data 
bit 


(if 
parity 
checking 
is 
not 
enabled). 


3. 
Overrun. 
If 
an input 
character 
has 


been 
assembled 
but 
the 
receiver 
buffers 


are 
full 
(because 
the 
previously 
re- 


ceived 
characters 
have 
not 
been 
read 
by 


the 
sys tern processor), 
an overrun 
error 


will 
occur. 
When an overrun 
error 


occurs, 
the 
input 
character 
that 
has 
jus t been 
recei ved will 
overwri 
te 
the 


irrrnedia tely 
preceding 
character. 


In 
order 
to 
operate 
in 
the 
asynchronous 


mode '. each 
MPSCchannel 
must 
be initial 
ized 


wi th 
the 
foll 
OI/ing information: 


1. 
Clock 
Rate. 
This 
parameter 
is 
spec- 


i fied 
by bi ts 
6 and 7 of I~R4. 
The 


clock 
rate 
r:lay be set 
to 
16, 
32, 
or 
64 


times 
the 
data 
1 ink 
bit 
rate. 
(See 


Appendix 
A for 
WR4 details.) 


2. 
Number of 
Stop 
Bits. 
This 
parameter 
is 


speci fied 
by bits 
2 and 3 of 
WR4. 
The 


number 
of 
stop 
bi ts 
r:lay be set 
to 
1, 
1 


1/2, 
or 
2. 
(See 
Appendix 
A for 
WR4 


details. 
) 


3. 
Pari ty 
Sel ecti on. 
Parity 
may be set 


for 
odd, 
even, 
or no parity 
by bits 
0 


and 
1 of 
WR4. 
(See 
Appendi x A for 
WR4 


details). 


4. 
Receiver 
Character 
Lengt;h. 
This 
para- 


meter 
sets 
the 
length 
of 
received 
char- 


acters 
to 
5, 
6, 
7, 
or 
8 bits. 
This 


parameter 
is 
specified 
by bits 
6 and 7 


of 
WR3. 
(See 
Appendi x A for 
WR3 


details. 
) 


5. 
Receiver 
Enable. 
The serial 
channel 


receiver 
operation 
may be enabled 
or 


disabled 
by setting 
or 
clearing 
bit 
0 


of 
WR3. 
(See 
Appendix 
A for 
WR3 


detail 
s.) 


6. 
Transmitter 
Character 
Length. 
Thi s 


parameter 
sets 
the 
1ength 
of trans- 


mi tted 
characters 
to 
5, 
6, 
7, 
or 
8 


bits. 
This 
parameter 
is 
specified 
by 


bits 
5 an d 6 of WR5. 
(See 
Appendi x A 


for 
WR5 details.) 
Characters 
of less 


than 
5 bits 
in 
1ength 
may be 
trans- 


mitted 
by setting 
the 
transr:1itted 
length 
to 
five 
bits 
(set 
bits 
5 and 6 


of 
WR5to 
1). 
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be 
transr.1itted 
must 
be right 
justified 
illustrates 
typical 
~lPSC initia'ization 


in 
the 
data 
byte, 
the 
next 
three 
bits 
parameters 
for 
use wi th 
this 
procedure. 


must 
be set 
to 
0 and all 
remaining 
bits 


must be set 
to 
1. 
The foll owing tab 1e 
ill 
ustrates 
the 
data 
formats 
for 
trans- 
mission 
of 1 to 
5 bits 
of data: 
call MPSC$RX$INIT(41, 
1,1,0,1, 
3,1,1, 
3,1,1,0,1); 


NuntJer of 
D7 D6 D5 D4 D3 02 01 DO 
Bits 
Transmitted 
(Character 
Length) 
1 
1 
1 
1 
0 
0 
0 
c 
, 


1 
1 
1 
0 
0 
0 
c 
c 
2 


1 
1 
0 
0 
0 
c 
c 
c 
3 


1 
0 
0 
0 
c 
c 
c 
c 
4 
0 
0 
0 
c 
c 
c 
c 
c 
5 


7. 
Transmitter 
Enable. 
The serial 
channel 


transmitter 
operation 
may be enabled 
or 
disabled 
by setting 
or 
clearing 
bit 
3 


of WR5. 
(See 
Appendix 
A for 
WR5 
detail 
s.) 


For 
data 
transmission 
via 
a modern or 


RS- 232-C 
interface, 
the 
foll 
C7Ning infor- 


mation 
must 
also 
be specified: 


1. 
Request 
to 
Send/Data 
Terminal 
Ready. 


MJst 
be set 
to 
indi cate 
status 
of data 


terminal 
equi pment. 
Request 
to 
send 
is 


controll 
ed by bit 
1 of 
WR5 and data 
terminal 
ready 
is 
controlled 
by bit 
7. 


(See 
Appendix 
A for 
WR5details.) 


2. 
Auto 
Enabl e. 
May be set 
to 
all C7Nthe 


~lPSC to 
automtically 
enable 
the 
channel 
transr.1itter 
when the 
clear 
to 
send 
sig- 
nal 
is 
active 
and 
to 
automatically 
enabl e the 
receiver 
when the 
carri 
er 


detect 
signal 
is 
active. 
Auto 
Enable 


is 
controlled 
by bi t 5 of WR3. 
(See 


Appendix 
A for 
WR3details.) 


During 
initial 
ization, 
it 
is 
desirable 
to 


guarantee 
that 
the 
external/status 
latches 


reflect 
the 
latest 
interface 
information. 
Since 
up to 
two state 
changes 
are 
inter- 


nally 
stored 
by the 
MPSC, at 
1east 
two 


Reset 
External/Status 
Interrupt 
commands 


must 
be 
issued. 
This 
procedure 
is 
r.1ost 


easily 
accompl ished 
by simply 
issuing 
this 


reset 
comr.1and whenever 
the 
poi nter 
regi s ter 


is 
set 
during 
initialization. 


X16 clock 
rate 
1 stop bit 
Odd parity 
B-bit characters 
(Tx and Rx) 


Enable transmitter 
and receiver 


Auto enable set 
DTR and RTS set 
Break transmission 
disabled 


Figure 5. Sample 8274 initialization 
procedure 
for polled 


operation. 


I n the 
poll ed mode, 
the 
processor 
must mon- 


i tor 
the 
MPSC status 
by tes ting 
the 
appro- 


priate 
bits 
in 
the 
read 
register. 
Data 


available, 
status, 
and error 
conditions 
are 


represented 
in 
RROand 
RRl for 
channel 
s A 


and B. 
An example 
of MPSC poned 
trans- 


mitter/ 
recei ver 
routi 
nes 
are 
given 
in 


Appendi x B. 
The 
foll 
owi ng rou tines 
are 


detail 
ed: 


1. 
MPSCSPOLLSRCVSCHARACTER 
- This 
proce- 


dure 
receives 
a character 
from 
the 
ser- 


ial 
data 
1ink. 
The routine 
waits 
until 


the 
character 
available 
flag 
in 
RRO has 


been 
set. 
When this 
flag 
indicates 


that 
a character 
is 
available, 
RRl is 


checked 
for 
errors 
(overrun, 
parity, 
or 


frar.1ing). 
If 
an error 
is 
detected, 
the 


character 
in 
the 
MPSC receive 
buffer 


must 
be read 
and 
discarded 
and 
the 


error 
routine 
(RECEIVESERROR)is 
called. 
If 
no receive 
errors 
have 
been 


detected, 
the 
character 
is 
input 
fror.1 


the 
8274 
data 
port 
and returned 
to 
the 


calling 
program. 


MPSCSPOLLSRCVSCHARACTER 
requires 
three 


parameters 
- the 
address 
of 
the 
8274 


channel 
data 
port 
(data$port), 
the 


address 
of 
the 
8274 channel 
command 


port 
(cmd$port), 
and 
the 
address 
of a 


byte 
variable 
in which 
to 
store 
the 
re- 


ceived 
character 
(character$ptr). 


2. 
MPSC$POLL$TRAN$CHARACTER 
- This 
proce- 
dure 
transmits 
a character 
to 
the 
ser- 


ial 
data 
1 ink. 
The routine 
wai ts 
until 


the 
transmitter 
buffer 
empty 
fl ag has 


been 
set 
in 
RRObe fore 
wri ti ng the 


character 
to 
the 
8274. 
MPSC$POLL$TRAN$CHARACTER 
requires 
three 


pararreters 
- the 
address 
of the 
8274 


channel 
data 
port 
(data$port), 
the 


address 
of 
the 
8274 
channel 
cor.vnand 


port 
(cmd$port), 
and 
the 
character 
of 


da ta 
th at 
is 
to 
be 
transmi 
tted 


(character) 
. 


3. 
RECEIVE$ERROR- This 
procedure 
proces- 
ses 
receiver 
errors. 
First, 
an Error 


Reset 
command is 
written 
to 
the 
affect- 


ed channel. 
All 
addi tional 
error 
pro- 


cess ing 
is 
dependent 
on the 
speci fi c 


application. 
For examp'e, 
the 
receiv- 
ing 
device 
may immediately 
request 


retransmission 
of 
the 
character 
or wai t 


until 
a rressage 
has 
been 
compl eted. 
RECEIVE$ERRORrequires 
two parameters 
- 
the 
address 
of the 
affected 
8274 
com- 


mand port 
(~d$port) 
and 
the 
error 


s ta tus 
(s ta tus) 
from 8274 
regi s ter 
RR1. 


In 
an interrupt 
driven 
environrrent, 
all 


receiver 
opera ti ons 
are 
reported 
to 
the 


sys tem processor 
by means 
of 
interrupts. 
Once a character 
has 
been 
received 
and 


assembled, 
the 
~1PSCinterrupts 
the 
system 


processor. 
The system 
processor 
must 
then 


read 
the 
character 
from 
the 
MPSCdata 
buf- 


fer 
and clear 
the 
current 
interrupt. 
Dur- 


ing 
transmission, 
the 
system 
processor 


starts 
serial 
I/O 
by wri ting 
the 
first 


character 
of a rressage 
to 
the 
MPSC. 
The 


MPSC interrupts 
the 
system 
processor 
when- 


ever 
the 
next 
character 
is 
required 
.(i .e., 
when the 
transmi 
tter 
buffer 
is 
empty) 
and 


the 
processor 
responds 
by writing 
the 
next 


character 
of 
the 
message 
to 
the 
MPSC data 


port 
for 
the 
appropriate 
channel. 


By using 
interrupt 
driven 
I/O, 
the 
MPSC 
proceeds 
independently 
of 
the 
system 
pro- 


cessor, 
si gnall 
ing 
the 
processor 
only 
when 


characters 
are 
required 
for 
transmission, 
when characters 
are 
received 
from 
the 
data 


1 ink, 
or 
when errors 
occur. 
In this 
man- 


ner, 
the 
system 
processor 
may continue·exe- 
cution 
of other 
tasks 
whil e serial 
I/O 
is 


performed 
concurrently. 


Interrupt 
Confi gurations 


The 8274 
is 
desi gned 
to 
interface 
to 
8085- 


and 8086-type 
processors 
in r.tJ,:h the 
sarre 


manner 
as 
the 
8259A is 
desi gned. 
When 


operating 
in 
the 
8085 mode, 
the 
8274 
causes 


a "call" 
to 
a prespeci 
fied 
interrupt 


service 
routine 
location. 
In 
the 
8086 


mode, 
the 
8274 presents 
the 
processor 
wi th 


a one-byte 
interrupt 
type 
nur:ter. 
This 


interrupt 
type 
number 
is 
used 
to 
"vector" 


through 
the 
8086 
interrupt 
service 
table. 


In ei ther 
case, 
the 
interrupt 
servi 
ce 


address 
or 
interrupt 
type 
number 
is 
speci- 


fied 
during 
MPSC initial 
ization. 


To shorten 
interrupt 
latency, 
the 
8274 
can 


be 
programmed 
to 
modi fy 
the 
prespeci 
fied 


interrupt, 
vector 
so that 
no software 
over- 


head 
is 
required 
to 
determine 
the 
cause 
of 


an interrupt. 
When this 
"status 
affects 


vector" 
mode is 
enabl ed, 
the 
foll 
owing 


ei ght 
interrupts 
are 
di fferentiated 
auto- 


matically 
by the 
8274 hardware: 


1. 
Channel 
B Transmitter 
Buffer 
Empty 


2. 
Channel 
B External/Status 
Transition 


3. 
Channel 
B Character 
Available 


4. 
Channel 
B Receive 
Error 


5. 
Channel 
A Transmitter 
Buffer 
Empty 


6. 
Channel 
A External/Status 
Transition 


7. 
Channel, 
A Character 
Available 


8. 
Channel 
A Receive 
Error 


The 8274 has 
three 
interrupt 
sources 
for 


each 
channel: 


1. 
Receiver 
(RxA, RxB). 
An interrupt 
is 


initiated 
when a character 
is 
available 


in 
the 
recei 
ver 
buffer 
or when a re- 


ceiver 
error 
(parity, 
framing, 
or 


overrun) 
is 
detected. 


2. 
Transmi tter 
(TxA, 
TxB). 
An interrupt 


is 
initiated 
when the 
transmitter 


buffer 
is 
empty 
and 
the 
8274 
is 
ready 


to 
accept 
another 
character 
for 


transmi 
ss i on. 


3. 
External/Status 
(ExTA, ExTB). 
An 


interrupt 
is 
ini tiated 
vlhen 
one of 
the 


external/status 
conditions 
(CD, CTS, 


SYNDET, BREAK) changes 
state. 


The 8274 
supports 
two interrupt 
priority 


orderings 
(selectable 
during 
MPSC initiali- 


zation) 
as 
detailed 
in 
Appendix 
A, WR2, 


CH-A. 


Interrupt 
Initial 
ization 


In addition 
to 
the 
initial 
ization 
para- 
meters 
required 
for 
poll ed operation, 
the 
foll 
~~ing 
parameters 
must 
be suppl ied 
to 
the 
8274 
to 
specify 
interrupt 
operation: 


1. 
Transmit 
Interrupt 
Enable. 
Transnitter 
buffer 
empty 
inter:upts 
are 
separately 
enabled 
by bit 
1 of WR1. 
(see 
Appendix 
A for 
WRl details.) 


2. 
Receive 
Interrupt 
Enable. 
Receiver 
interrupts 
are 
separately 
enabled 
in 
one of 
three 
modes: 
a) 
interrupt 
on 
first 
received 
character 
only 
and on 
receive 
errors 
(used 
for 
message 
oriented 
transmission 
systems), 
b) 
interrupt 
on all 
received 
characters 
and 
on receive 
errors, 
but 
do not 


interrupt 
on parity 
errors, 
and c) 


interrupt 
on all 
received 
characters 
and on receive 
errors 
(including 
parity 
errors). 
The ability 
to 
separately 
disable 
parity 
interrupts 
can be ex- 
tremely 
useful 
when transmitting 
mes- 


sages. 
Since 
the 
pari ty 
error 
bit 
in 
RRl is 
latched, 
it 
will 
not 
be reset 


until 
an error 
reset 
operation 
is 
per- 


formed. 
Therefore, 
the 
parity 
error 


bit 
will 
be set 
if 
any 
parity 
errors 
were 
detected 
in 
a multi-character 
mes- 
sage. 
If 
this 
mode is 
used, 
the 
serial 
I/O 
software 
must 
poll 
the 
parity 
error 


bi tat 
the 
compl eti on of 
a message 
and 


issue 
an error 
reset 
if 
appropriate. 
The receiver 
interrupt 
node 
is 
con- 


trolled 
by bits 
3 and 4 of 
WR1. 
(See 
Appendix 
A for 
WRl details.) 


3. 
External/Status 
Interrupts. 
Ex- 


ternal/Status 
interrupts 
can 
be sepa- 


rately 
enabled 
by bit 
0 of 
WR'. 
(See 
Appendix 
A for 
WRl details.) 


(. 
Interrupt 
Vector. 
An eight-bit 
inter- 


rupt 
service 
routine 
location 
(8085) 
or 


interrupt 
type 
(8086) 
is 
specified 


through 
WR2 of 
channel 
B. 
(see 
Appendix 
A for 
WR2 details). 
Table 
3 


lists 
interrupt 
vector 
addresses 
gen- 
erated 
by the 
8274 
in 
the 
"status 


a ffects 
vector" 
mode. 


5. 
Status 
Affects 
Vector 
Mode. 
The 8274 


will 
automatically 
modify 
the 
interrupt 


vector 
if 
bit 
3 of 
WRl is 
set. 
(See 
Appendix 
A for 
WRl details.) 


6. 
System 
Confi guration. 
Sped 
fies 
the 


8274 
data 
transfer 
mode. 
Three 
con- 


figuration 
modes 
are 
available: 
a) 


interrupt 
driven 
operation 
for 
both 


channels, 
b) 
ll-1Aoperation 
for 
both 


channel s, 
and 
c) 
ll-1Aoperati 
on for 


channel 
A, interrupt 
driven 
operation 


for 
channel 
B. 
The system 
confi gura- 


tion 
is 
specified 
by means 
of 
bi ts 
0 


and 
1 of 
WR2 (channel 
A). 
(See 


Appendix 
A for 
WR2 details). 


7. 
Interrupt 
Priorities. 
The 8274 
permits 


software 
specification 
of 
receive/ 


transmit 
priorities 
by means 
of bit 
2 


of WR2 (channel 
A). 
(see 
Appendix 
A 


for 
WR2 deta i1 s. ) 


8. 
Interrupt 
r.t>de. 
Specifies 
whether 
the 


MPSt is' 
to 
operate 
in 
a non-vectored 


mode (for 
use with 
an external 
inter- 


rupt 
con troll 
er), 
in 
an 8086 vectored 


mode, 
or 
in 
an 8085 
vectored 
mode. 


This 
parameter 
is 
speci fied 
through 


bits 
3 and 4 of 
WR2 (channel 
A). 
(See 


Appendix 
A for 
WR2 details.) 


Original Vector 


I 


(specified during 


V7 V6 V5 V4 V3 V2Vl 
va 
V7 V6 V5 V4 V3 V2Vl 
va 
initialization) 


8086 
8085 
Interrupt 
I 
Interrupt Type 
Interrupt Location 
Condition 


V7 V6 Vj 
V4 V) 
0 
0 
0 
V7 V6 V5 
0 o 0 
VI YO 
Channel 
B Transmitter 


Buffer 
Empty 


V7 V6 V5 V4 V) 
0 
0 
I 
V7 V6 V5 
o 0 
I 
VI VO 
Channel 
B External/Status 


Change 


V7 V6 V5 V4 V3 
0 
I 
0 
V7 V6 V5 
0 
I 0 
VI yo 
Channel 
B Recei ••.. 
"er 


Character 
Available 


V7 Y6 V5 V4 V3 
0 
I 
I 
V7 V6 V5 
0 
I 
I 
VI 
VO 
Channel 
B Receive 
Error 


V7 V6 V5 V4 V) 
I 
0 
0 
V7 V6 V5 
I o 0 
VI VO 
Channel 
A Transmitter 


Buffer 
Empl} 


V7 V6 V5 V4 V3 
I 
0 
I 
V7 V6V5 
I 0 
I 
VI 
VO 
Channel 
A External/Status 


Change 


V7 V6 V5 V4 V3 
I 
I 
0 
V7 V6 V5 
I 
I 0 
VI 
VO 
Channel 
A 
Recei ••..er 
Character 
Available 


V7 V6 V5 V4 V3 
I 
I 
I 
V7 V6 V5 
I 
I 
I 
VI 
VO 
Channel 
A 
Receive Error 


An MPSC interrupt 
initial 
ization 
procedure 


(MPSC$INTSINIT) 
is 
1 isted 
in 
Appendix 
C. 


Appendix 
C 1 ists 
four 
interrupt 
service 


procedures, 
a buffer 
transmission 
proce- 


dure, 
and a buffer 
recepti 
on procedure 
that 


illustrate 
the 
use 
of 
the 
8274 
in 
interrupt 


driven 
environments. 
Use of 
these 
proce- 


dures 
assumes 
that 
the 
8086/8088 
interrupt 


vector 
is 
set 
to 
2a1 and 
that 
channel 
B is 


used 
with 
the 
"status 
affects 
vector" 
mode 


enabled. 


1. 
TRANSMIT$BUFFER- This 
procedure 
begins 


serial 
transmission 
of a data 
buffer. 
TV/o parameters 
are 
required 
- a pointer 


to 
the 
buffer 
(buf$ptr) 
and 
the 
length 


of 
the 
buffer 
(buf$l ength). 
The 
proce- 
dure 
first 
sets 
the 
global 
buffer 


pointer, 
buffer 
1ength, 
and 
ini tia1 


index 
for 
the 
transmitter 
interrupt 


service 
routine 
and 
initiates 
transmis- 


sion 
by writing 
the 
first 
character 
of 


the 
buffer 
to 
the 
8274. 
The 
procedure 


then 
enters 
a wait 
loop 
until 
the 
I/O 


completion 
status 
is 
set 
by the 
trans- 


mit 
interrupt 
service 
routine 


(MPSC$TRANSMIT$CHARACTER$ 
INT). 


2. 
RECEIVE$BUFFER- This 
procedure 
inputs 


a line 
(terminated 
by a line 
feed) 
from 


a serial 
I/O 
port. 
Two parameters 
are 


required 
- a pointer 
to 
the 
input 
buf- 
fer 
(buf$ptr) 
and 
a pointer 
to 
the 
buf- 


fer 
length 
variable 
(buf$length$ptr). 
The buffer 
length 
~/ill 
be set 
by this 


procedure 
when the 
complete 
1 ine 
has 


been 
input. 
The procedure 
first 
sets 


the 
global 
buffer 
pointer 
and 
initial 


index 
for 
the 
receiver 
interrupt 
ser- 


vice 
routine. 
RECEIVE$BUFFERthen 


enters 
a wait 
loop 
until 
the 
I/O COr.1- 


pletion 
status 
is 
set 
by the 
receive 


interrupt 
routine 
(~lPSC$RECEIVE$CHAR- 
ACTER$INT). 


3. 
MPSC$RECEIVE$CHARACTER$INT 
- This 
pro- 


cedure 
is 
executed 
when the 
MPSC Tx 


buffer 
empty 
interrupt 
is 
ack n<1fll- 
edged. 
If 
the 
current 
transmi 
t buffer 


index 
is 
less 
than 
the 
buffer 
length, 


the 
next 
character 
in 
the 
buffer 
is 
written 
to 
the 
MPSCdata 
port 
and 
the 


buffer 
pointer 
is 
updated. 
Otherwise. 


the 
transmiss 
ion 
c0r.1p1ete 
status 
is 
pos ted. 


4. 
MPSC$RECEIVE$CHARACTER$INT 
- This 
pro- 


cedure 
is 
execu ted 
when a character 
has 


been 
asserrbled 
by the 
MPSC and 
the 
MPSC 


has 
issued 
a character 
available 
inter- 


rupt. 
If 
no input 
buffer 
has 
been 
set 


up by RECEIVE$BUFFER,the 
character 
is 


ignored. 
If 
a buffer 
has 
been 
set 
up, 


but 
it 
is 
full, 
a receive 
overrun 
error 


is 
posted. 
Otherwise, 
the 
received 
character 
is 
read 
from 
the 
MPSCdata 


port 
and 
the 
buffer 
index 
is 
updated. 


Finally, 
if 
the 
received 
character 
is 
a 


1 ine 
feed, 
the 
recepti 
on comp1ete 


status 
is 
posted. 


5. 
RECEIVE$ERROR$INT- This 
procedure 
is 


executed 
~lhen a receive 
error 
is 
de- 


tected. 
First, 
the 
error 
conditions 


are 
read 
from 
RRl and 
the 
character 
currently 
in 
the 
MPSC receive 
buffer 
is 


read 
and 
discarded. 
Next, 
an Error 


Reset 
command is 
written 
to 
the 
af- 


fected 
channel. 
All 
additional 
error 


procession 
is 
app1 ication 
dependent. 


6. 
EXTERNAL$STATUS$CHANGE$INT 
- This 
pro- 
cedure 
is 
executed 
when an external 


status 
condi tion 
change 
is 
detected. 


The status 
conditions 
are 
read 
from 
RRO 


and a Reset 
External/Status 
Interrupt 


corrrnand is 
issued. 
Further 
error 
pro- 


cessing 
is 
application 
dependent. 


Each 
serial 
I/O 
channel 
within 
the 
8274 
MPSC interfaces 
to 
two data 
1 ink 
1 ines 
-- 


one 
1ine 
for 
transmitting 
data 
and one 
for 


receiving 
data. 
During 
transmission, 
char- 


acters 
are 
converted 
from 
parallel 
data 


format 
(as 
suppl ied 
by the 
system 
processor 


or 
!J.1Adevice) 
into 
a serial 
bit 
stream 


(with 
START and STOP bits) 
and clocked 
out 


on 
the 
TxD pin. 
During 
reception, 
a serial 


bit 
stream 
is 
input 
on the 
RxD pin, 
framing 
bits 
are 
stripped 
out 
of 
the 
data 
stream, 


and 
the 
resul 
ting 
character 
is 
converted 
to 


parall 
el 
data 
forma t and 
passed 
to 
the 
sys- 


tem processor 
or 
!J.1Adevi ceo 


As discussed 
previously, 
the 
frequency 
of 


data 
transmission/reception 
on the 
data 


1 ink 
is 
con troll 
ed by the 
MPSCclock 
in 


conjunction 
wi th 
the 
programmed 
clock 
di- 


vider 
(in 
register 
WR4). 
The 8274 
is 


desi gned 
to 
permit 
all 
four 
serial 
inter- 


face 
1 ines 
(TxD and 
RxD for 
each 
channel) 


to 
operate 
at 
di fferent 
data 
rates. 
Four 


clock 
inpu t 
pi ns 
(TxC and RxC for 
each 


channel) 
are 
available 
for 
this 
function. 


Note 
that 
the 
clock 
rate 
divider 
speci fied 


in WR4 is 
used 
for 
both 
RxC and TxC on the 


appropriate 
channel; 
clock 
rate 
dividers 


for 
each 
channel 
are 
independent. 


The following 
four 
modem interface 
signals 


may be connected 
to 
the 
8274: 


1. 
Data 
Terminal 
Ready 
(DTR). 
This 
inter- 


face 
signal 
(output 
by the 
8274) 
is 


software 
controll 
ed through 
bit 
7 of 


WR5. 
When active, 
DTR indicates 
that 


the 
data 
terminal/computer 
equiJXTIent is 


active 
and ready 
to 
interact 
wi th 
the 
data 
corrrnunications 
channel. 
In addi- 


tion' 
this 
signal 
prepares 
the 
modem 
for 
conn ecti on to 
the 
corrrnuni ca ti on 


channel 
and maintains 
connections 
pre- 


viously 
established 
(e.g., 
manual 
call 


ori gina ti on). 


2. 
Request 
To Send 
(RTS). 
This 
interface 


si gnal 
(output 
by the 
8274) 
is 
software 


con troll 
ed through 
bit 
1 of 
WRS. 
When 


active, 
RTS indicates 
that 
the 
data 


terminal/cor.1puter 
equiJXTIent is 
reaqy 
to 


tr ansmit 
da ta . 


3. 
Clear 
To Send 
(CTS). 
This 
interface 


si gnal 
(input 
to 
the 
8274) 
is 
suppl ied 


by the 
modem in 
response 
to 
an active 


RTS signal. 
CTS indicates 
that 
the 


data 
terminal/computer 
equipnent 
is 


permitted 
to 
transmit 
data. 
The state 


of 
CTS is 
available 
to 
the 
prograJ1111er 


as bit 
5 of 
RRO. 
In addition, 
if 
the 


auto 
enable 
control 
is 
set 
(bit 
5 of 


WR3), the 
8274 will 
not 
transmit 
data 


bytes 
until 
RTS has 
been 
activated. 
If 


CTS becomes 
inactive 
during 
trans- 


mission 
of a character, 
the 
current 


character 
transmission 
is 
completed 


before 
the 
transmitter 
is 
disabled. 


4. 
Carrier 
Detect 
(CD). 
This 
interface 


signal 
(input 
to 
the 
8274) 
is 
suppl ied 


by the 
modem to 
indicate 
that 
a data 


carrier 
signal 
has 
been 
detected 
and 


that 
a val i d data 
si gnal 
is 
present 
on 


the 
RxD 1 ine. 
The state 
of 
CD is 
available 
to 
the 
programer 
as bit3 
of 


RRO. 
In addition, 
if 
the 
auto 
enable 


control 
is 
set 
(bi t 5 of WR3), 
the 
8274 


will 
not 
enable 
the 
serial 
receiver 


until 
CD has 
been 
activated. 
If 
the 
CD 


signal 
becomes 
inactive 
during 
recep- 


tion 
of 
a character, 
the 
receiver 
is 


disabled, 
and 
the 
partially 
received 


character 
is 
lost. 


In addition 
to 
the 
above 
modem interface 


si gnal s, 
the 
8274 SYNDETinput 
pin 
for 


channel 
A may be used 
as 
a general 
purpose 


input 
in 
the 
asynchronous 
communication 


mode. 
The status 
of this 
signal 
is 
avail- 


able 
to 
the 
programer 
as bi t 4 of 
status 


regi s ter 
RRO. 


Appendix 
A: 
Command/Status 


Details 
for 
Asynchronous 
Communication 


( 
o 
NULL CODe 


o 
NOT USED IN ASYNCHRONOUS 
MODes 
o 
RESET EXT/STATUS INTERRUPTS 
o 
CHANNEL 
RESET 


1 
ENABLE INTERRUPT ON NEXT Rx 
CHARACTER 


RESET TxlNT 
PENDING 


eRROR 
RESET 


END OF INTERRUPT 


02.01 .00 
Command/Status 
Register 
Pointer 
bi ts 
determine 
whi ch wri te- 
register 
the 
next 
byte 
is 
to 
be 
written 
into. 
or which 
read- 
register 
the 
next 
byte 
is 
to 
be 
read 
from. 
After 
reset, 
the 
first 
byte 
written 
into 
either 
channel 
goes 
into 
\~RO. 
Foll ow- 
ing 
a read 
or 
write 
to 
any 
register 
(except 
WR·O)the 
pointer 
will 
point 
to 
WRO. 


05,04,03 
Command bits 
determine 
which 
of 
the 
basic 
seven 
commands are 
to 
be 
performed. 


Command 2 
Reset 
External/Status 
Inter- 


rupts-- 
resets 
the 
1atched 
status 
bits 
of 
RRO and 


re-enables 
them, 
allowing 
in terru 
pts 
to 
occur 
a ga in. 


Corrmand 3 
Channel 
Reset--resets 
the 
Latched 
Status 
bits 
of 
RRO. the 


interrupt 
prioritization 
logic 
and all 
control 
registers 
for 


the 
channel. 
Fou.r extra 
system 


clock 
cycl es 
shoul d be all owed 
for 
MPSC reset 
time 
before 
any 


additional 
commands or controls 


are 
written 
into 
the 
channel. 


Command 4 
Enable 
Interrupt 
on Next 
Re- 
ceive 
Character--if 
the 
Inter- 


rupt 
on First 
Receive 
Character 


mode is 
sel ected. 
this 
cOl1111and 


reactivates 
that 
mode after 
each 
complete 
message 
is 
re- 
ceived 
to 
prepare 
the 
MPSC for 


the 
next 
message. 


Command 5 
Reset 
Transmitter 
Interrupt 
Pending--if 
The Transmit 


I nterrupt 
mode is 
sel ected. 
the 


MPSC automati 
cally 
interrupts 


data 
when the 
transmit 
buffer 


becomes 
empty. 
When there 
are 
no more characters 
to 
be sent, 


issuing 
this 
command prevents 


further 
transmi 
tter 
interrupts 


until 
the 
next 
character 
has 


been 
compl etely 
sent. 


Command 6 
Error 
Reset--error 
latches. 


Parity 
and 
Overrun 
errors 
in 
RRl are 
reset. 


End of 
Interrupt--resets 
the 


interrupt-i 
n-servi 
ce 
1atch 
of 


the 
highest-priority 
internal 
device 
under 
service. 


STATUS AFFECTS 
VECTOR (CH B ONLY) 
(NULL CODE CH A) 


1 = VARIABLE 
VECTOR 
a '" FIXED 
VECTOR 


1 
RxlNT ON FIRST CHAR OR SPECIAL 
CONDITION 


a 
INT ON ALL Rx CHAR (PARITY AFFECTS 
VECTOR) OR SPECIAL 
CONDITION 


1 
INT ON ALL Rx CHAR (PARITY 
DOES 
NOT AFFECT VECTOR) OR SPECIAL 
CONDITION 


External/Status 
Interrupt 
Enable--allows 
interrupt 
to 
occur 
as 
the 
resul 
t of 
trans i- 
tions 
on the CU, ITs or 
~ 
inputs. 
Also 
all ows interrupts 
as 
the 
resul 
t of 
a Break/Abort 
detection 
and 
termination, 
or 
at 
the 
begin- 
ning 
of 
CRC, or 
sync 
character 
transnission 
when the 
Transnit 
Underrun/E0I1 


latch 
becomes 
set. 


Transr.1i tter 
I nterrupt/O~lA 
Enable--all 
ows the 
MPSC to 


interrupt 
or 
request 
a DMA 
transfer 
l'Ihen the 
transr.1i tter 
buffer 
becor.Jes empty. 


Status 
Affects 
vector--(WRl 
,02 


active 
in 
channel 
B only.) 
If 
this 
bit 
is 
not 
set, 
then 
the 


fixed 
vector, 
progra~d 
in 


WR2, is 
returned 
fron 
an inter- 


rupt 
acknOl'/l edge 
sequence. 
If 


the 
bi t 
is 
set 
then 
the 
vector 
returned 
from an 
interrupt 
acknowledge 
is 
variable 
as 
shown 
in 
the 
Interrupt 
Vector 
Table. 


Receive 
Interrupt 
on First 


Character 
Only or 
Special 


Condi ti on 


I nterrupt 
on All 
Recei ve Char- 


acters 
of 
Special 
Condition 


(Parity 
Error 
is 
a Special 


Receive 
Condi ti on) 


Interrupt 
on All 
Receive 
Char- 


acters 
or Special 
Condition 


(Parity 
Error 
is 
not 
a Special 


Receive 
Condition). 


Wait 
on ReceivelTransmit--when 


the 
foll owing 
condi ti ons 
are 


met 
the 
ROY pin 
is 
activated, 


otherwise 
it 
is 
hel d in 
the 


High-Z 
state. 
(Conditions: 


Interrupt 
Enabled 
Mode, Wait 


Enabled, 
CS=O, AO=O/l, 
and 


Al=O). 
The ROYpin 
is 
pulled 


low when the 
transmi 
tter 
buffer 
is 
full 
or 
the 
receiver 
buffer 


is 
empty 
and it 
is 
driven 
High 


when the 
transmitter 
buffer 
is 


empty 
or 
the 
receiver 
buffer 
is 


full. 
The ROYAand 
ROYB 


may be wired 
OR connected 
since 


only 
one 
signal 
is 
active 
at 


anyone 
time 
while 
the 
other 
is 


in 
the 
Hi gh Z state. 


Wait 
Enab1e--enables 
the 
wait 


functi 
on. 


1 
PIN 10 = SYNDer a 


o 
PIN 10 = RTSa 


Sys tern Confi gura ti on-- These 
speci fy 
the 
data 
transfer 
from 
MPSC channels 
to 
the 
CPU, 
either 
interrupt 
or 
lJ.1Abased. 


Channel 
A and Channel 
B both 
use 
interrupts 


Channel 
A uses 
lJ.1A, Channel 
Buses 
interrupt. 


Channel 
A and Channel 
B both 
use 
lJ.1A 


Priority--this 
bit 
specifies 
the 
relative 
priorities 
of 
the 
internal 
MPSC interrupt/DMA 
sources. 


(Highest) 
RxA, TxA, RxA, RxB, 
TxBExTA, ExTB (Lowest) 


(Highest) 
RxA, RxB, TxA, 
TxB, ExTA, ExTB (LCYtIest) 


Interrupt 
Code--speci 
fies 
the 
behavior 
of the 
MPSC\'tIen 
is 
receives 
an interrupt 
acknowl- 
edge 
sequence 
from 
the 
CPU. 
(see 
Interrupt 
Vector 
Mode 
Table). 


Non-vectored 
interrupts-- 
intended 
for 
use wi th 
an 
external 
interrupt 
co'ntro11 er 
such 
as 
the 
8259A. 


8085 Vector 
Mode 1--intended 
for 
use 
as 
the 
primary 
MPSC in 
a daisy 
chained 
priority 
structure. 


8085 
Vector 
Mode 2--intended 
for 
use 
as. any secondary 
MPSC 
in 
a daisy 
chained 
priority 
structure. 


8086/88 
Vector 
Mode--intended 
for 
use 
as 
ei ther 
a primary 
or 
secondary 
in 
a daisy 
chained 
pri ori ty 
structure. 


Pin 
10 
RTSB 


Pin 
10 = SYNDETB 


Interrupt 
vector--This 
register 
contains 
the 
value 
of 
the 
interrupt 
vector 
p1aced 
on the 
data 
bus 
during 
acknowledge 
sequences. 


Receiver 
Enable--A one enables 
the receiver 
to begin. 
This 
bit 
shoul d be set 
only after 
the receiver 
has been 
initial 
ized. 


Auto Enables--A one wri tten 
to 
this 
bit 
caused COto be auto- 
matic enable 
ilinal 
for 
the 
receiver 
and eTe to be an 
automati c enabl e si gnal for 
the 
transmitter. 
A zero written 
to 
this 
bit 
limits 
the effect 
of 
CDand ill 
signals 
to setting/ 
resetting 
their 
corresponding 
bits 
in the status 
register 
(RRO)• 


07,06 


o 0 


o 1 


o 


Receive Character 
length 


Receive 
5 Data bi ts/character 


00 
Parity--a 
one in this 
bi t 


causes 
a parity 
bit 
to be added 


to the programmed nurrber of 
data 
bits 
per character 
for 


both the transmi tted 
and re- 


cei ved character. 
If the MPSC 


is 
programmed to receive 
8 bi ts 


per character, 
the 
parity 
bit 


is not trans ferred 
to the 


microprocessor. 
With other 


receiver 
character 
1engths, 
the 


parity 
bit 
is 
transferred 
to 


the microprocessor. 


Even/Odd Parity--if 
parity 
is 


enabled, 
a one in this 
bi t 


causes 
the MPSCto transmit 
and 


expect 
even pari ty, 
and zero 


causes 
it 
to send and expect 


odd pari ty. 


Stop Bits 
03,02 


o 0 


Async mode, 1 stop bi t/character 


Async mode, 1-1/2 
stop bits/ 


character 


Async mode, 2 stop 
bits/character 


Clock 
mode--se1ects 
the 
c10ck/ 
data 
rate 
multiplier 
for 
both 
the 
receiver 
and the 
trans- 
mitter. 
If 
the 
1x mode is 
selected, 
bit 
synchronization 
must 
be 
done externally. 


Request 
to 
Send--a 
one 
in 
this 
bit 
forces 
the 
RTS pin 
active 
(low) 
and 
zero 
in 
this 
bit 
forces 
the 
RTS pin 
inactive 
(h i gh). 


Transmitter 
Enab1e--a 
zero 
in 
this 
bit 
forces 
a marking 
state 
on the 
transmitter 
output. 
If 
this 
bit 
is 
set 
to 
zero 
during 
data 
or 
sync 
character 
trans- 
mission, 
the 
marking 
state 
is 
entered 
after 
the 
character 
has 
been 
sent. 
If 
this 
bit 
is 
set 
to 
zero 
during 
transmi 
ss ion 
of 
a CRC character, 
sync 
or 
flag 
bits 
are 
substituted 
for 
the 
remainder 
of 
the 
CRCbits. 


Send 
Break--a 
one 
in 
this 
bit 
forces 
the 
transmit 
data 
1~. 
A one 
in 
this 
bit 
all ows normal 
transmi 
tter 
opera ti on. 


D6,D5 
Transmit 
Character 
1ength 


o 0 
Transmit 
5 or 
1ess 
b i ts/ 
ch aracter 


o 1 
Transr.li t 7 bits/character 


0 
Transmi t 6 bi ts/character 


Bi ts 
to 
be sent 
must 
be ri ght 
justified 
least 
significant 
bit 
first, 
eg: 


D7 D6 D5 D4 D3 D2 D1 DO 
o 
0 
B5 B4 B3 B2 81 BO 


NOT USED IN 
ASYNCHRONOUS 
MODES 


BREAK 


Receive 
Character 
Available-- 
this 
bit 
is 
set 
when the 
re- 
ceive 
FIFO contains 
data 
and 
is 
reset 
when the 
FIFO is 
empty. 


Interrupt 
Pending--This 
Inter- 


rupt-Pending 
bit 
is 
reset 
when 
and E01 command is 
issued 
and 
there 
is 
no other 
interrupt 
request 
pending 
a t 
that 
time. 


In vector 
mode this 
bit 
is 
set 
at 
the 
fall 
ing 
edge 
of 
the 
second 
INTA in 
an INTA cyc1 e 
for 
an 'internal 
interrupt 
request. 
In 
non-vector 
IlKJde, 


this 
bi t 
is 
set 
at 
the 
fall 
ing 
edge 
of 
RD input 
after 
pointer 
2 is 
specified. 
This 
bit 
is 
always 
zero 
in Channel 
B. 


Transmit 
Buffer 
Empty--This 
bit 
is 
set 
whenever 
the 
transmit 
buffer 
is 
empty 
except 
when CRC 
characters 
are 
being 
sent 
in 
a 
synchronous 
mode. 
This 
bi tis 
reset 
when the 
transmit 
buffer 
is 
loaded. 
This 
bit 
is 
set 
after 
an MPSC reset. 


----------------=~-----="...,~=_~",...==~~~~~_~.~_~_~_~.~. 
~-~__--=,.,.,.--~__,___,~ 
.....•• 
OTi••<e"'a.,K""-=_. n 
"l;:Tl e 
_syncnrono 
ta;ns 
the 
state 
of 
the 
CD pin 
,..••.;..,~ •.•..••.••..••••. 
~•..• 
;c:: 
hi'f- 
;c:: 


Carr1 
er 
Detect--Thfs 
bit 
con- 
07 
Break--1n 
the 
Asynchronous 
Re- 
tains 
the 
state 
of 
the 
CO pin 
~1ve 
mode~ this 
bit 
, .••set 
~~~~ ;~m~h~fE;~:r~:~;s~~~~~e 
~~:~a~t:~e~~u:~~:~~~9(~~~~r) 
bits 
(e1). 
CTS. Sync/Hunt. 
is 
detected 
in 
the 
data 


Break/Abort. 
or 
Tx 
Underrun/ 
stream. 
The 
External/Status 
EClt1). 
Any change 
of 
state 
of 
interrupt. 
if 
enabled. 
is 
set 
the 
el) 
pin 
causes 
the 
CO bit 
to 
\omen 
break 
is 
detected. 
The 
be 
latched 
and 
causes 
an 
Ex- 
interrupt 
service 
routine 
must 


"ternal/Status 
interrupt. 
This 
issue 
the 
Reset 
External/Status 
bit 
indicates 
current 
state 
of 
Interrupt 
co.,.."and 
(WRO. 
C()l1'll1'\Ond 
the 
C"f) pin 
frrwnediately 
fol'ow- 
2) 
to 
the 
break 
detection 
logic 
ing 
a 
Reset 
External/Status 
so 
the 
Break 
sequence 
termina- 
Inter 
•...upt 
conwnand. 
tion 
can 
be 
recognized. 


SYNOET--In 
asynchronous 
modes. 
The 
Break 
bit 
is 
reset 
when 
the 
ter~ination 


the 
operllltion 
01' 
this 
bit 
is 
of' 
the 
Break 
sequence 
is 
detected 
in 
the 
similar 
to 
the 
CO stolltus 
bit~ 
incoming 
dollta 
stream. 
The 
termination 
of" 


except 
that 
of t 
shows 
the 
state 
the 
Brellik 
sequence 
olIlso 
colluses 
the 
Exter- 


of 
the 
~ 
input. 
Any 
nal/Status 
interrupt 
to 
be 
set. 
The 
Reset 


~~o~~~ws:~:n~~;~o~i~~ 
;~~ 
~~;~~~ai~s~;~fel~~r~~~;kc~~~~i~~sio~~c 


causes 
olin External/Status 
to 
look 
1'or 
the 
next 
Break 
sequence. 
A 


interrupt 
(if 
enollbled). 
The 
single 
extraneous 
null 
character 
is 
present 


Reset 
Externolll/Stllltus 
I nterrupt 
in 
the 
receiver 
after 
the 
termination 
Of 
a 
command 
is 
issued 
to 
clear 
the 
break: 
it 
shoul 
d 
be 
read 
and 
discarded. 
interrupt. 
A Low-to-Hi 
gh 


transition 
clears 
this 
bit 
and 
sets 
the 
External/Status 
inter- 
rupt. 
When 
the 
External/Status 
interrupt 
is 
set 
by 
the 
ch ange 
ins 
ta 
tc 
of 
any 
0 th er 
in pu t 
or 
condi 
tion. 
this 
bit 
shows 
the 
inverted 
state 
of 
the 
~ 
pi n 
at 
time 
of 
the 
change. 


This 
bi 
t 
must 
be 
read 
imme- 
diately 
following 
a 
Reset 
Ex- 
ternal/Status 
Interrupt 
command 
to 
read 
the 
current 
state 
of' 


the 
SYNO 
input. 


Clear 
to 
Send--this 
bit 
con- 


ta 
i ns 
the 
inverted 
sta 
te 
0 l' 
the 
eT'S 
pin 
at 
the 
time 
of 
the 
last 


change 
of 
any 
of 
the 
External/ 
Status 
bits 
(CD. 
CTS. 
Sync/ 


Hunt. 
Break/Ab 
ort. 
or 
Tx 
Undcr- 


run/EOM). 
Any 
change 
of 
state 
of 
the 
m 
pin 
causes 
the 
CTS 
bit 
to 
be 
latched 
and 
causes 
an 


External/Status 
interrupt. 


This 
bit 
indicates 
the 
inverse 
of 
the 
current 
state 
of 
the 
~ 
pin 
il1YT"tCdiately 
1'ollo,,"/ing 
a 
Reset 
Externa'/Statu$ 
Interrupt 


command. 


DO 
All 
sent--this 
bit 
1s 
set 
when 
all 
characters 
have 
been 
sent. 
in 
asyn- 


chronous 
modes. 
It 
is 
reset 
when 


characters 
arc 
in 
the 
transmitter. 
in 
asynchronous 
modes. 
I n 
synchronous 


modes. 
this 
bit 
is 
always 
set. 


04 
Parity 
Error--If 
parity 
is 
enabled, 
this 
bit 
is 
set 
for 
received 
characters 
whose 
pari ty 
does 
no t match 
the 
pro- 
grammed sense 
(Even/Odd). 
This 
bit 
is 
latched. 
Once an error 
occurs, 
it 
re- 


mains 
set 
until 
the 
Error 
Reset 
command 


is 
written. 


MSB 
L$B 
I V7 : v. : V5 
: V4' 
: V3' 
: V2' 
: v,' :vo', 


05 
Receive 
Overrun 
Error--this 
bit 
indi- 


cates 
that 
the 
receive 
FIFO has 
been 
overloaded 
by the 
receiver. 
The last 


character 
in 
the 
FIFO is 
overwritten 


and 
flagged 
with 
this 
error. 
Once the 


overwritten 
character 
is 
read, 
this 


error 
condition 
is 
latched 
until 
reset 


by the 
Error 
Reset 
command. 
If 
the 


MPSC is 
in 
the 
status 
affects 
vector 


mode, 
the 
overrun 
causes 
a special 


Receive 
Error 
Vector. 


·Varlableln 
Status Affects 
Vector Mod. 
(WR1; 02) 


RR2 
07-00 
Channel 
B 
Interrupt 
vector--contains 
the 
interrupt 
vector 
programmed 
into 
WR2. 
If 
the 
status 
af- 
fects 
vector 
mode is 
selected, 


it 
conta ins 
the 
modifi ed vec- 
tor. 
(See 
WR2) RR2 contains 
the 
modi fied 
vector 
for 
the 
highest 
priority 
interrupt 
pending. 
If 
no interrupts 
are 


pending, 
the 
variabl 
e bi ts 
in 


the 
vector 
are 
set 
to 
one. 


06 
Framing 
Error--In 
async 
modes, 
a one 
in 


this 
bit 
indicates 
a receive 
framing 


error. 
It 
can 
be reset 
by issuing 
an 


Error 
Reset 
command. 


declare 
cmd$port 
clock$rate 
stop$bits 
parity$type 
parity$enable 
rX$char$length 
rx$enable 
auto$enable 
tX$char$length 
tx$enable 
dtr 
brk 
rts 


(cmd$port, 
clock$rate,stop$bits,parity$type,parity$enable, 
rX$char$length,rx$enable,auto$enable, 
tX$char$length,tx$enable,dtr,brk,rts) 


byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte; 


output(cmd$port)=14H; 
/* 
point 
to WR4 
*/ 
/* 
set 
clock 
rate, 
stop 
bits, 
and parity 
information 
*/ 
output(cmd$port)=shl(clock$rate,6) 
or 
shl(stop$bits,2) 
or 
shl(parity$type,l) 
or 
parity$enable; 


output(cmd$port)=13H; 
/* 
point 
to WR3 
*/ 
/* set 
up 
receiver 
parameters 
*/ 
output(cmd$port)=shl(rx$char$length,6) 
or 
rx$enable 
or 
shl(auto$enable,5); 


output(cmd$port)=15H; 
/* 
point 
to WR5 
*/ 
/* set 
up 
transmitter 
parameters 
*/ 
output(cmd$port)=shl(tx$char$length,5) 
or 
shl(tx$enable,3) 
or 
shl(dtr,7) 
or 
shl(brk,4) 
or 
shl(rts,l); 


declare 
data$port 
cmd$port 
character$ptr 
character 
status 


byte, 
byte, 
pointer, 
based 
character$ptr 
byte: 


declare 
char$avail 
rcv$error 
literally 
'1', 
literally 
'70H': 


/* wait 
for 
input 
character 
ready 
*/ 
while 
(input(cmd$port) 
and 
char$avail) 
<> 
0 do: 
end: 


/* check 
for 
errors 
in received 
character 
*/ 
output (cmd$port) =1: 
/* 
point 
to RRl */ 
if 
(status:=input(cmd$port) 
and 
rcv$error) 


then 
do: 
character=input(data$port) 
: 


call 
RECElVE$ERROR 
(cmd$port, sta'tus): 


return 
0; 


end: 
else 
do: 


character=input(data$port) 
: 


return 
OFFH: 
end; 


/* read 
character 
to clear 
MPSC 
*/ 


/* clear 
receiver 
errors 
*/ 


/* error 
return 
- no 
character 
avail 
*/ 


declare 
data$port 
cmd$port 
character 


byte, 
byte, 
byte: 


/* wait 
for 
transmitter 
buffer 
empty 
*/ 
while 
not 
(input(cmd$port) 
and 
tX$buffer$empty) 
do; 
end: 


/* output 
character 
*/ 
output(data$port)=character: 


declare 
cmd$port 
status 
byte, 
byte: 


/* *** 
other 
application 
dependent 


error 
processing 
should 
be placed 
here 


declare 


buf$ptr 
buf$length 
pointer, 
byte; 


/* set 
up 
transmit 
buffer 
pointer 
and 
buffer 
length 
in global 
variables 
for 


interrupt 
service 
*/ 
tX$buffer$ptr=buf$ptr; 
transmit$length=buf$length; 


transmit$status=not$complete; 
output(data$port)=transmit$buffer(O) 
; 


transmit$index=l; 


/* 
setup 
status 
for 
not 
complete 
*/ 


/* 
transmit 
first 
character 
*/ 


/* first 
character 
transmitted 
*/ 


/* wait 
until 
transmission 
complete 
or 
error 
detected 
*/ 


while 
transmit$status 
= not$complete 
do; 
end; 


if transmit$status 
<> 
complete 


then 
return 
false; 


else 
return 
true; 


declare 
buf$ptr 
buf$length$ptr 
buf$length 


pointer, 
pointer, 
based 
buf$length$ptr 
byte; 


/* 
set 
up 
receive 
buffer 
pointer 
in global 
variable 
for 
interrupt 
service 
*/ 


rX$buffer$ptr=buf$ptr; 
receive$index=O; 


receive$status=not$complete; 
/* 
set 
status 
to not 
complete 
*/ 
/* wait 
until 
buffer 
received 
*/ 
while 
receive$status 
= not$complete 
do; 
end; 


buf$length=receive$length; 
if 
receive$status 
= complete 


then 
return 
true; 


else 
return 
false; 


/* 
ignore 
input 
if no open 
buffer 
*/ 
if 
receive$status 
<> 
not$complete 
then 
return; 


/* 
check 
for 
receive 
buffer 
overrun 
*/ 
if 
receive$index 
= 128 
, 


then 
receive$status=overrun; 


else 
do; 
/* read 
character 
from 
MPSC 
and 
place 
in buffer 
- note 
that 
the 


parity 
of 
the 
character 
must 
be masked 
off 
during 
this 
step 
if 
the 
character 
is less 
than 
8 bits 
(e.g., 
ASCII) 
*/ 
receive$buffer 
(receive$index) 
,character=input 
(data$port) 
and 
7FH; 
receive$index=receive$index+l; 
/* 
update 
receive 
buffer 
index 
*/ 


/* 
check 
for 
line 
feed 
to end 
line 
*/ 
if character 
= line$feed 
then 
do; 
receive$length=receive$index; 
receive$status=complete; 
end; 


end; 


/* check 
for more 
characters 
to 
transfer 
*/ 
if 
transmit$index 
< 
transmit$length 


then 
do; 


/* write 
next 
character 
from 
buffer 
to MPSC 
*/ 
output(data$port)=transmit$buffer(transmit$index) 
; 


transmit$index=transmit$index+l; 
/* update 
transmit 
buffer 
index 
*/ 


end; 
else 
transmit$status=complete; 


declare 
temp 


output(cmd$port)=l; 
receive$status=input(cmd$port) 
; 


temp=input(data$port) 
; 
output(cmd$port)=error$reset; 


/* discard 
character 
*/ 
/* 
send 
error 
reset 
*/ 


/* 
*** other 
application 
dependent 


error 
processing 
should 
be placed 
here 


transmit$status=input(cmd$port) 
output(cmd$port)=reset$ext$status; 


/* 
*** other 
application 
dependent 


error 
processing 
should 
be placed 
here 


declare 


/* 
global 
variables 
for 
buffer 
manipulation 
*/ 


rX$buffer$ptr 
receive$buffer 
based 


receive$status 
receive$index 
receive$length 


tX$buffer$ptr 
transmit$buffer 
based 


transmit$status 
transmit$index 
transmit$length 


cmd$port 
data$port 
a$cmd$port 
b$cmd$port 
line$feed 
not$complete 
complete 
overrun 


channel$reset 
error$reset 
reset$ext$status 


pointer, 
rX$buffer$ptr(128) 
byte 
initial (0) , 
byte, 
byte, 


pointer, 
tx$buffer$ptr(128) 


byte 
initial (0) , 
byte, 
byte, 


literally 
~43H~, 
literally 
~41H~ 


literally 
~42H< 
literally 
~43H~ , 
literally 
~OAH~, 
literally 
-O~, 
literal+y 
-OFFH~, 
literally 
~l~, 


literally 
~18H~, 
literally 
~30H-, 
literally 
~lOH~: 


/* 
pointer 
to 
receive 
buffer 
*/ 


byte, 


/* 
indicates 
receive 
buffer 
status 
*/ 


/* current 
index 
into 
receive 
buffer 
*/ 


/* 
length 
of 
final 
receive 
buffer 
*/ 


/* pointer 
to 
transmit 
buffer 
*/ 


byte, 


/* indicates 
transmit 
buffer 
status 
*/ 


/* current 
index 
into 
transmit 
buffer 
*/ 
/* length 
of buffer 
to be 
transmitted 
*/ 


MPSC$INT$INIT: 
procedure 
(clock$rate,stop$bits,parity$type,parity$enable, 
rx$char$length,rx$enable,auto$enable, 
tx$char$length,tx$enable,dtr,brk,rts, 
ext$en,tx$en,rx$en,stat$affects$vector, 
config,priority,vector$int$mode,int$vector) 
; 


declare 
clock$rate 
byte, 
/* 
2-bit 
code 
for clock 
rate 
divisor 
*/ 


stop$bits 
byte, 
/* 
2-bit 
code 
for 
number 
of 
stop 
bits 
*/ 


parity$type 
byte, 
/* 
I-bit 
parity 
type 
*/ 
parity$enable 
byte, 
/* 
I-bit 
parity 
enable 
*/ 
rX$char$length 
byte, 
/* 
2-bit 
receive 
character 
length 
*/ 
rx$enable 
byte, 
/* 
I-bit 
receiver 
enable 
*/ 
auto$enable 
byte, 
/* 
I-bit 
auto 
enable 
flag 
*/ 
tX$char$length 
byte, 
/* 
2-bit 
transmit 
character 
length 
*/ 


tx$enable 
byte, 
/* 
I-bit 
transmitter 
enable 
*/ 


dtr 
byte, 
/* 
I-bit 
status 
of 
DTR 
pin 
*/ 


brk 
byte, 
/* 
I-bit 
data 
link 
break 
enable 
*/ 


rts 
byte, 
/* 
I-bit 
status 
of 
RTS 
pin 
*/ 


ext$en 
byte, 
/* 
I-bit 
external/status 
enable 
*/ 


tx$en 
byte, 
/* 
I-bit 
Tx 
interrupt 
enable 
*/ 


rx$en 
byte, 
/* 
2-bit 
Rx 
interrupt 
enable/mode 
*/ 
stat$aff$vector 
byte, 
/* 
I-bit 
status 
affects 
vector 
flag 
*/ 


config 
byte, 
/* 
2-bit 
system 
config - 
int/DMA 
*/ 


priority 
byte, 
/* 
I-bit 
pr ior ity 
flag 
*/ 
vector$int$mode 
byte, 
/* 
3-bit 
interrupt 
mode 
code 
*/ 


int$vector 
byte; 
/* 
8-bit 
interrupt 
type 
code 
*/ 


output(b$cmd$port)=channel$reset; 
/* 
channel 
reset 
*/ 


output(b$cmd$port)=14H; 
/* 
point 
to WR4 
*/ 
/* 
set 
clock 
rate, 
stop 
bits, 
and 
parity 
information 
*/ 
output(b$cmd$port)=shl(clock$rate,6) 
or 
shl(stop$bits,2) 
or 
shl(parity$type,l) 


or 
parity$enable; 


output(b$cmd$portl=13H; 
/* 
point 
to WR3 
*/ 
/* 
set 
up 
receiver 
parameters 
*/ 
output(b$cmd$port)=shl(rx$char$length,6) 
or 
rx$enable 
or 
shl(auto$enable,5); 


output(b$cmd$port)=15H; 
/* 
point 
to WR5 
*/ 
/* 
set 
up 
transmitter 
parameters 
*/ 
output(b$cmd$port)=shl(tx$char$length,5) 
or 
shl(tx$enable,3) 
or 
shl(dtr,7) 


or 
shl(brk,4) 
or 
shl(rts,l); 


output(b$cmd$port)=12H; 
/* 
set 
up 
interrupt 
vector 
*/ 


output(b$cmd$port)=int$vector; 


output(a$cmd$port)=12H; 
/* 
point 
to WR2, 
channel 
A 
*/ 
/* 
set 
up 
interrupt 
modes 
*/ 
output(a$cmd$port)=shl(vector$int$mode,3) 
or 
shl(priority,2) 
or 
config; 


output(b$cmd$port)=IIH; 
/* 
point 
to WRI 
*/ 
/* 
set 
up 
interrupt 
enables 
*/ 
output(b$cmd$port)=shl(rx$en,3) 
or 
shl(stat$aff$vector,2) 
or 
shl(tx$en,l) 
or 
ext$en; 


Appendix 
D 


Appl ication 
Exampl e Using 
SDK-86 


Thi s appl i ca ti on exampl e sh C1tISthe 
8274 
in 


simple 
iAPX-86/88 
syster.l. 
The 8274 
con- 


trols 
two separate 
asynchronous 
channel 
s 


using 
its 
internal 
interrupt 
con troll 
er 
to 


request 
all 
data 
transfers. 
The 8274 


driver 
software 
is 
described 
which 
trans- 
mi ts 
and receives 
da ta 
buffers 
provi de d by 


the 
CPU. 
Also, 
status 
registers 
are 


maintained 
in 
system 
memory to 
all C1tIthe 


CPU to 
monitor 
progress 
of the 
buffers 
and 


error 
condi ti ons. 


Nothing 
coul d be easier 
than 
the 
hardware 


des i gn of an 
interrupt-driven 
8274 
syster.l. 
Simply 
connect 
the 
dilta 
bus 
lines, 
a few 


bus 
control 
lines, 
supply 
a timing 
clock 


for 
baud 
rate 
and, 
voila, 
it's 
done: 
For 


this 
exar.lple, 
the 
ubiquitous 
SDK-86 is 
used 


as 
the 
host 
CPU syster.l. 
The 8274 
interface 


is 
constructed 
on the 
wire-~lT'ap 
area 
pro- 


vi ded. 
Whil e di scuss ing 
the 
h ar~/are 
interface, 
pl ease 
refer 
to 
Diagrar.l 1 . 


Placing 
the 
8274 on the 
1C1tIer 8-hi ts 
of 
the 


8086 data 
bus 
all ows byte-wide 
data 
transfers 
at 
even 
I/O 
addresses. 
For 
sir.l- 


pl ici ty, 
the 
8274' s CS/ 
input 
is 
generated 


by cornin 
ing 
the 
M-10/ 
sel ect 
1 ine 
~/i th 


address 
1ine 
A7 via 
a 7432. 
This 
pl aces 


the 
8274 address 
range 
in mul ti pl e spots 


within 
the 
8086 
I/O address 
space. 
(While 


fine 
for 
this 
example, 
a more complete 


address 
decodi ng is 
recolll1lended 
for 
actual 


prototype 
systems.) 
The OO86's 
Al and A2 


address 
1ines 
are 
connected 
to 
the 
AO and 


Al 8274 register 
select 
inputs 


respectively. 
Al though 
other 
port 


assi gnments 
are 
poss ibl e because 
of 
the 


overlapping 
address 
spaces, 
the 
following 


I/O 
port 
assignments 
are 
used 
in 
this 


exampl e: 


Port 
Functi 
on 
Data 
channel 
A 


Command/status 
A 
Data 
channel 
B 
COmr.land/ status 
B 


I/O 
Address 
OOOOH 
0002H 
0004H 
0006H 


To connect 
the 
8274's 
interrupt 
controller 


into 
the 
sys tern an inverter 
and pull-up 
re- 


sistor 
are 
needed 
to 
convert 
the 
8274's 
ac- 


tive-1C1tl 
interrupt 
request 
output, 
IRQ, 
into 
the 
correct 
polarity 
for 
the 
8086's 


INTR interrupt 
input. 
The 8274 recognizes 


interrupt 
acknC1tlledge 
bus 
cycl es by con- 


necting 
the 
INTA (INTerrupt 
Acknowledge) 


1ines 
of the 
8274 
and 8086 
together. 


The 8274 ReaD and WRite 
1ines 
directly 
con- 


nect 
to 
the 
respective 
8086 
1ines. 
The 


RESET line 
requires 
an inverter. 
The sys- 


tem 
clock 
for 
the 
8274 
is 
provided 
by the 


PCLK (peri pheral 
clock) 
output 
of 
the 
8284A 


clock 
generator. 


On the 
8274's 
serial 
side, 
traditional 
1488 


and 
1489 RS-232 
drivers 
and receivers 
are 


used 
for 
the 
serial 
interface. 
The onboard 


baud 
rate 
generator 
supplies 
the 
channel 


baud 
rate 
timing. 
In this 
exampl e, 
both 


sides 
of 
both 
channels 
operate 
at 
the 
same 


baud 
rate 
al though 
this 
certainly 
is 
not 
a 


requ irement. 
(On the 
SDK-86, 
the 
bau d ra te 


selection 
is 
hard-wired 
thru 
jumpers. 
A 


more 
flexibl 
e approach 
woul d be 
to 
incorporate 
a 8253 
PrograJ111lable 
Interval 


Timer 
to 
allow 
software-configurable 
baud 


rate 
sel ecti on. ) 


That's 
all 
there 
is 
to 
it. 
This 
hardware 


interface 
is 
completely 
general-purpose 
and 


supports 
all 
of the 
8274 
features 
except 


the 
[).1Ada ta 
trans 
fer 
mode whi ch requ ires 


an external 
[).1Acontroller. 
Now let's 
look 


at 
the 
software 
interface. 


In this 
exar.lple, 
it 
is 
assur.led 
that 
the 


8086 has 
better 
things 
to 
do rather 
than 


continuously 
run 
a serial 
channel. 
Pre- 


senting 
the 
software 
as 
a group 
of 
callable 


procedures 
lets 
the 
designer 
include 
ther.l 


in 
~he r.1ain body of 
another 
prograr.1. 
The 


interrupt-driven 
data 
transfers 
give 
the 


effect 
that 
the 
serial 
channels 
are 
handled 


in 
the 
background 
while 
the 
r.lain program 
is 


executing 
in 
the 
foreground. 
There 
are 


five 
basic 
procedures: 
a serial 
channel 


initialization 
routine 
and 
buffer 
handling 


routines 
for 
the 
transmit 
and receive 
data 


buffers 
of 
each 
channel. 
Appendix 
D-l 


ShOHS the 
entire 
software 
listing. 
Listing 


line 
nUr.lbers are 
referenced 
as 
each 
major 


routing 
is 
discussed. 


The channel 
initial 
ization 
routine 
(INITIAL 


8274), 
starting 
wi th 1 ine 
#203, 
simply 
sets 


each 
channel 
into 
a particular 
operating 


mode by loading 
the 
cOmr.land registers 
of 


the 
8274. 
In 
normal 
operation, 
once 
these 


regi s ters 
are 
loa ded, 
they 
are 
rarel 
y 


changed. 
(Al though 
th is 
exampl e assumes 
a 


s impl e asynchronous 
opera ting 
mode, 
the 


concept 
is 
easily 
extended 
for 
the 
byte 
and 


bit-sychronous 
modes. ) 


The 
channel 
operating 
modes 
are 
contained 


in 
two tabl es 
starting 
wi th 
1 ine 
#163. 
As 


the 
8274 
has 
only 
one 
command register 
per 


channel, 
the 
remaining 
seven 
registers 
are 


CONTROL 
LINES 


CONNECTOR 


ADDRESS 
BUS EXPANSION 
CONNECTOR 


(For 
detailed 
description 
on SDK-86, 
refer 
to 
SDK-86 MCS-86 System 
Design 
Kit 
Assembly 
~'anua 1 ) 


SDK·~6 
SV 
EXPANSION 
BUS 


38 
28 
TxDA 
INTR 
iNT 


Rjj 
48 
22 
Rjj 
RTSA 


WR 
48 
21 
WR 
RxDA 


INTA 
50 
27 
INTA 


36 
1 
CTSA 
i>cD< 
elK 


AsT 
34 
RESET 
eDA 


07 
18 
12 
DB7 
DTRA 


DB 
14 
13 
DB8 


12 
14 
8274 
05 
DBs 
TxDB 


04 
10 
15 
DB4 


18 
RTSB 
03 
DB3 


02 
17 
DB2 
RxDB 


01 
18 
DB. 
CTSB 


DO 
,. 
DBD 


COB 
MIlO 
cs 


A7 
DTRB 


25 
AD 
TxCA 
Al 


A2 


24 
Al 
RxCA 


bCB 


\ 
RxCB 
iPI 
aND 


29 
20 


Dia gram 


2-343 


loaded 
indi rectl 
y through 
the 
WRO(I~ri te 
Register 
0) 
register. 
The first 
byte 
of 
each 
table 
entry 
is 
the 
register 
pointer 
value 
~ihich 
is 
loaded 
into 
WROand 
the 
second 
byte 
is 
the 
value 
for 
that 
particu- 
1ar 
register. 


The indicated 
modes 
set 
the 
8274 
for 
asyn- 
chronous 
operation 
wi th 
data 
characters 
8 
bits 
long, 
no parity, 
and 
2 stop 
bits. 
A 


X16 baud 
rate 
clock 
is 
assumend. 
A'so 
selected 
is 
the 
"interrupt 
on all 
RX char- 


acter" 
mode with 
a variable 
interrupt 
vec- 


tor 
compatible 
with 
the 
8086/8088. 
The 


transmitters 
are 
enabled 
and all 
mode' 
con- 


trol 
lines 
are 
put 
in 
their 
active 
state. 


In 
addition 
to 
initial 
izing 
the 
8274, 
this 


routine 
also 
sets 
up the 
appropriate 
inter- 


rupt 
vectors. 
The 8086 
assumes 
the 
first 


1K bytes 
of 
memory contain 
up to 
256 sepa- 


rate 
interrupt 
vectors. 
On the 
SDK-86 the 


ini tial 
2K bytes 
of memory is 
RAMand 


therefore 
I1llst be initial 
ized 
with 
the 


appropria 
te 
vectors. 
(In 
a prototype 
sys- 


tem, 
this 
initial 
memory is 
probably 
RCJ.1 


thus 
the 
vector 
set-up 
is 
not 
needed.) 
The 


8274 
suppl ies 
up to 
eight 
di fferent 
in"or- 


rupt 
vectors. 
These 
vectors 
are 
developeri 


from 
internal 
conditions 
such 
as 
data 
re- 


quests, 
status 
changes, 
or 
error 
condi ti ons 


for 
each 
channel. 
The initi 
al ization 


routine 
arbi trarily 
assumes 
that 
the 


initial 
8274 
vector 
corresponds 
to 8086 


vector 
location 
80H (memory location 


200H). 
This 
choice 
is 
arbitrary 
since 
the 


8274 
initial 
vector 
location 
is 


prograr:rnab 1e. 


Finally, 
the 
initialization 
routine 
sets 
up 


the 
status 
and 
flag 
in RPM. 
The meaning 


and 
use 
of 
these 
locations 
are 
discussed 


1ater. 


Foll owing 
the 
initial 
ization 
routine 
are 


those 
for 
the 
transmit 
commands (starting 


with 
line 
#268). 
These 
commands assume 


that 
the 
host 
CPU has 
initial 
ized 
the 
pub- 
1 ically 
decl ared 
variables 
for 
the 
transmit 


buffer 
pointer, 
TX_POINTER_CHx, and 
the 


buffer 
length, 
TX_LENGTH_CHx. The transmit 
command routines 
simply 
cl ear 
the 
trans- 


mitter 
empty 
flag, 
TX EMPTYCHx, and 
load 


the 
first 
character 
of 
the 
buffer 
into 
the 


transmitter. 
It 
is 
necessary 
to 
load 
the 


first 
character 
in 
this 
manner 
since 
trans- 


mitter 
interrupts 
are 
generated 
only 
when 


the 
8274's 
transmit 
data 
buffer 
becomes 


empty. 
It 
is 
the 
act 
of 
becoming 
empty 


which 
generates 
the 
interrupt 
not 
simply 


the 
buffer 
being 
empty, 
thus 
the 
trans- 


mitter 
needs 
one 
character 
to 
start. 


The hos t 
CPU can 
moni tor 
the 
transmitter 


empty 
flag, 
TX_EJo1PTLCHx, in 
order 
to 
de- 


termine 
when transmission 
of the 
buffer 
is 


complete. 
Obviously, 
the 
CPU shoul d only 


call 
the 
command routine 
after 
first 
check- 


ing 
that 
the 
empty 
flag 
is 
set. 


After 
returning 
to 
the 
main 
program, 
all 


transmitter 
data 
transfers 
are 
handled 
via 


the 
transmi 
tter 
interrupt 
servi 
ce 
rou tines 


starting 
at 
1 ines 
#360 
anc #443. 
These 


routines 
start 
by is·suing 
and 
End-Of-Inter- 


rupt 
command to 
the 
8274. 
(This 
command 


resets 
the 
internal 
interrupt 
controll 
er 


logic 
of 
the 
8274 
for 
this 
particular 
vec- 


tor 
and opens 
the 
logic 
for 
other 
internal 


interrupt 
requests. 
The routines 
next 


check 
the 
length 
count. 
If 
the 
buffer 
is 


compl etel y transmi 
tted, 
the 
transmitter 


empty flag, 
TX_EMPTY_CHx,is 
set 
and a com- 


mand is 
issued 
to 
the 
8274 
to 
reset 
its 
in- 


terrupt 
line. 
Assuming 
that 
the 
buffer 
is 


not 
compl etely 
transmitted, 
the 
next 
char- 


acter 
is 
output 
to 
the 
transmitter. 
In 


either 
case, 
an 
interrupt 
return 
is 
exe- 


cuted 
to 
return 
to 
the 
main CPU program. 


The receiver 
cor:rnands 
start 
at 
line 
#314. 


Like 
the 
transmit 
commands, 
it 
is 
assumed 


that 
the 
CPU has 
initial 
ized 
the 
receive 


buffer 
pointer 
public 
variable, 
RX_POINTER_ 


CHx. 
This 
variable 
points 
to 
the 
fi rst 
lo- 


cation 
in 
an empty 
receive 
buffer. 
The 


cor:rnand routines 
cl ear 
the 
receiver 
ready 


flag, 
RX_READLCHx, and 
then 
set 
the 
re- 


ceiver 
enable 
bit 
in 
the 
8274 WR3 regis- 


ter. 
With 
the 
receiver 
now enabled, 
any 


received 
characters 
are 
placed 
in 
the 
re- 


ceive 
buffer 
using 
interrupt-driven 
data 


transfers. 


The recei ved 
da ta 
servi 
ce routi 
nes, 
s tart- 


ing 
at 
1ines 
#402 
and #485, 
simply 
pl ace 


the 
received 
character 
in 
the 
buffer 
after 


first 
issuing 
the 
EOI command. 
The char- 


acter 
is 
then 
compared 
to 
a ASCII CR. 
An 


ASCII CR causes 
the 
routine 
to 
set 
the 
re- 


ceiver 
ready 
flag, 
RX_READLCHx, and 
to 


disable 
the 
receiver. 
The CPU can 
inter- 


rogate 
this 
flag 
to 
determine 
when the 


buffer 
contains 
a new 1 ine 
of 
data. 
The 


recei 
ve buffer 
poi nter, 
RX_POINTER_CHx, 


points 
to 
the 
last 
received 
character 
and 


the 
receive 
counter, 
RX_COUNTER_CHx,con- 


tains 
the 
length. 


That 
completes 
our 
discussion 
of 
the 
com- 


mand routines 
and 
their 
associated 
inter- 


rupt 
service 
routines. 
Although 
not 
used 


by the 
commands, 
two additional 
service 


routi 
nes 
are 
incl uded 
for 
compl eteness. 


These 
routines 
handle 
the 
error' 
and 
sta- 


tus-change 
interrupt 
vectors. 


The error 
service 
routines, 
starting 
at 


lines 
#427 and #510, are vectored 
to if 
a 


special 
receive 
condition 
is detected 
by 


the 8274. 
These special 
receive 
conditions 


incl ude pari ~, 
receiver 
overrun, 
and fram- 


ing errors. 
When this 
vector 
is generated, 


the error 
condition 
is 
indicated 
in RRl 


(Read Register 
1). 
The error 
service 
rou- 


tine 
issues 
an EOl command, reads 
RRl and 


places 
it 
in the ERROR_MSG_CHx 
variable, 
and then issues 
a reset 
error 
commandto 


the 8274. 
The CPUcan monitor 
the error 


message location 
to detect 
error 
condi- 
tions. 
The designer, 
of course, 
can supply 


his 
own error 
service 
routine. 


Similarily, 
the status-change 
routines 


(starting 
lines 
#386 and #469) are initi- 


ated by a change in the modemcontrol 
sta- 


tus lines 
CTS/, CD/, or SYNDET/. (Note 


that 
WR2bit 
0 control s whether 
the 8274 


ISIS-II 
PlCS-B6 
MACRO A558'1llER 
v2. 1 ASSEI1Bl V ~ 
t1fl)Ili ASVOCB 


lRJECT 
I'IOI.lllE PIKED 
IN 
:F1: A5VNCB. OBJ 
AS5El1BLER INVOKED BY: 
A5I1S6: 
F1: AS't'NCB. SRC 


generates 
interrupts 
based upon changes 
in 


these 
1ines. 
Our WR2parameter 
is such 


that 
the 8274 is programmed to ignore 


changes 
for these 
inputs.) 
The service 


routines 
simply read RRO, place its 
con- 


tents 
in the STATUS_MSG_CHx 
variable 
and 


then issue 
a reset 
external 
status 
com- 


mand. 
Read Register 
0 contains 
the state 


of the modeminputs 
at 
the point 
of the 


last 
change. 


Well, that's 
it. 
This appl ication 
example 


has presented 
useful, 
abeit 
very simple, 


routines 
showing how the 8274 might be used 


to transmit 
and recieve 
buffers 
using an 


asynchronous 
serial 
format. 
Extensions 
for 


byte 
or bit-synchronous 
formats would re- 


quire 
no hardware changes due to the highly 


programmable nature 
of the 8294's 
serial 


formats. 


LOC 
OB.1 
LINE 
SOJRCE 


1 
;**********-*-*******-************-*****- 
2 
i* 
* 
3 
;* 
8274 
APPl ICRTI 011 BRIEF 
PROO1At'l 
* 
4 
.;* 
* 
5 
;* 
* 
6 
;* 
* 
7 
;* THE 8274 
IS 
INITIALIZED 
FOR SIIRE 
AS'r'NC~JS 
SERIAl 
* 
8 
;* FORMAT AND VECTORED INTERRUPT -DRIvEN 
DATA TRANSFERS. 
* 
9 
;* THE INITIALIZATION 
ROJTINE 
AlSO 
LOf{)S THE 8886'S 
INTERRUPT 
* 
19 
;* VECTOR TABi.E FROPI THE COOE SEGI£NT 
INTO LOW RAM ON THE 
* 
11 
;* 5DK-B6. 
TI£ 
TRAN5I'lITTER All) 
RECEIVER ARE LEFT ENABlED. 
* 
12 
;* 
* 
13 
;* FDR TRfI6I1IT, 
TI£ 
CPU PASSES 
IN MEIfJRY THE POINTER OF A 
* 
14 
;* BtlFFER TO TRANSI1IT AND TIiE BYTE LENGTH OF THE BUFFER. 
* 
15 
i* THE DATA TRANSFER PROCEED USING 
INTERRUPT-DRIVEN 
TRANSFERS. 
* 
16 
;* A STATUS 8IT 
IN I'IEMQRYIS SET IoIHENIF BUFFERS IS EMPW. 
* 
17 
.'* 
18 
;* FOR RECEIvE, 
TI£ 
CPU PASSES 
THE POINTER OF A BUFFER TO FILL. * 
19 
;* THE BUFFER IS FILLED 
UNTIL A 'CUffi' 
CHARACTER IS RECEIVED. * 
20 
i* A STATUS BIT 
IS 
SET fIN!) THE CPU I'VlY REfI) 
THE RX POINTER TO 
* 
21 
i* DETERIUNE THE LOCRTIOII OF THE LAST ClmtCTER. 
* 
22 
;* 
* 
23 
.;* AlL 
ROUTINES ARE A551.J1'lEl)TO EXIST 
IN THE SAME CODE SEGMENT. * 
24 
;* CALL'S 
TO THE SERVICE 
ROJTINES 
ARE AS5l'IED 
TO BE "SHORT' 
OR * 
25 
;* INTRASEGMENT (ONLY THE RETURN ADDRESS IP 
IS ON THE STACK) 
* 
26 
;* 
27 
;* 
* 
28 
i* 
* 
29 
i* 
* 
3ll 
;*-*******-**-*******-******************************** 


AFN: 
01995A 


2-345 


31 
32 
33 
34 
35 
36 
37 
:l8 
39 
49 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
68 
61 
62 
63 
64 
65 
66 
67 
68 
69 
79 
71 
72 
73 
74 
75 
76 
77 
78 
79 
89 
81 
82 
83 
84 


85 +1 
86 
87 
88 
89 
99 


PUBlIC 
INITIAL8274 
PlIllIC 
Tx..CCX'lMAIfLCHB 
PUBI. IC 
Tx..COtlfHLCHA 


PIR 
I C 
RX..COf'\I1AI()_CHB 


PlIll 
IC 
RlLCOI'II1M)_CHA 


; INITIfl.IZATION 
ROUTINE 


; TX BLfFER 
CClt1AND CHANNEL B 


; TX BLfFER 
COl1MANl) CHANNEL A 


; RX BLfFER 
C01MAND CHANNEL B 


; RX BUFFER COItffNO 
CHANNEL A 


PIJlI. IC 
RX..READY_CIIl 


PlRIC 
Rx..REff>Y_CHA 


PUBLIC 
TUMPTY_CHB 
PUBI. I C 
Tx..EI1PTY-CHA 


PlIllIC 
RX..COOlT _CHB 
PI.RIC 
RX..COUNLCHA 


PIJBL I C 
ERRCWU1SG_CHB 


PUBLI C 
ERROILMSG_CHA 


PUBLIC 
STATUS_~lSG_CHB 
PUBlIC 
STATUS_MSG_CHA 


; RX REfi)Y 
FLffi 
ClIl 


; RX REfi)Y 
FLAG CHA 


, TX EMPTY FLAG CIiB 
; TX EMPTY FLAG CHA 


; RX BUFFER COWTER 
CHB 


; RX BtHER 
COWTER 
CHA 


; ERROR FLAG CHB 


; ERROR FLAG CHA 


; STATUS FLAG CHB 
; STATUS FLAG CHA 


; PlRIC 
DECLAl(ATIONS 
FOR YARIABLES 
PASSED 
TO HE TRANSI1IT 
; fN) 
RECEIVE 
COItlA.'llS. 


PUBLIC 
TX_POINTER_CIiB 
; TX BUFFER POINTER 
FOR CHB 
PlJBl.IC 
Tx..LENGTfLCHB 
; TX LEI'I3TH OF SI.fFER 
FOR CHB 


PUBl.IC 
Tx..POINTER_CHA 
; TX BUFFER POINTER 
FOR CHA 


PlJBl.IC 
Tx..LEIfiTfLCHA 
,TX 
LEI'I3TH OF BUFFER FOR CHA 
PUBl.IC 
RX..POINTER..CHB 
; RX BUFFER POINTER 
FOR CHB 


PUBlIC 
RX..POINTER_CHA 
; RX BUFFER POINTER 
FOR CHA 


DATAJ'ORT _CHA 


COIl/'lfN)J'ORT 
_CHA 
STATus_pan 
_CHA 


DATA_PORT_CHB 


rot!fN)_PORT 
_CHB 


STATUSJ'ORT 
_CHB 


CR_CHR 
EQU 


INT_TABLE-BASE 
EQU 


CroE-START 
EQU 


; DATA I I~) PORT 


; COMI'lAND PORT 
; STATUS PORT 


4 
6 
COMItflI{)_PORT _CIiB 


; DATA I/O 
PORT 


; CI11MAND PORT 
. STATUS PORT 


9DH 
; ASC II 
CR CHARACTER CODE 


2ll9H 
; INT. 
VECTOR BASE flJDRESS 


500H 
; START LOCATION FOR CODE 


APPLICATIONS 


,.;s-86 
IR:RO ASSEIIllER 
ASVNCB 
PAGE 
3 


LOC 
OOJ 
LII£ 
sam 


91 
; VECT~ 
INTERRtJ>T TABlE - ASSUME INITIAl.. 
8274 
INTERRUPT 


92 
; VECTOR IS tUIlER 
88 (~). 
F~ 
EACH VECT~ 
THE TABlE 


93 
; carrAINS 
START LOCATION IN) CODE SEGI1ENTREGISTER YALUE. 


94 
; TI£ 
TABLE IS LOFOO> FR(J1 PROI1. 


95 


9298 
96 
ORG 
INLTfB.E..BASE 


97 
9298 eee9 
98 
TlL VECTOR..CHB 
OW 
9 
; TX INTERRlPT 
VECT~ 
F~ 
CHB 


9202 eee9 
99 
TiLCS_CHB 
-[)f;l 
9 
199 
8294 eeee 
191 
STs_VECTOR..CHB OW 
9 
; STATUS INTERRlJ>T VECT~ 
F~ 
CHB 
8296 eeee 
182 
STs_CS_CHB 
OW 
9 
193 


8208 eee9 
194 
RiL VECTOR..ClIl 
OW 
9 
; RX INTERRtPT VECT~ 
FOR CHB 
829A eeee 
195 
RiLCS_CHB 
OW 
9 
196 
820C eeoo 
1a7 
ERR_VECTOR..CHB OW 
9 
; ERROR INTERRUPT \lECTOR FOR CHB 
82BE eeee 
198 
ERR..CS_CHB 
OW 
9 
199 
921a eeee 
11a 
TX_VECTOR_CHA 
OW 
a 
; TX INTERRIJ'T YECTl~ FOR CHA 


8212 eeee 
111 
TlLCS_CHA 
ow 
9 
112 


8214 eeee 
113 
sTs_ VECTOR..CHA OW 
9 
; STATUS INTERRt"T 
VECTOR F~ 
CHA 
9216 llOO9 
114 
sTs_CS_CHA 
DW 
a 
115 


821B eeee 
116 
RiL VECT~_CHA 
OW 
a 
; RX INTERRUPT VECT~ 
FOR CHA 


921A eeee 
117 
RiLCs_CHA 
OW 
a 
11B 


921C eeee 
119 
ERR_VECTOfUHA 
OW 
9 
; ERROR INTERRlJ>T VECT~ 
F~ 
CHA 


921E eeoo 
129 
ERR..CS_CHA 
OW 
9 
121 
122 
; PlISC RAP!LOCATIM 
FOR CHAlH:L 
STATUS AND POINTERS 
123 
124 
; CHAIf£L 
B POINTERS AND STATUS 


125 


9229 eeee 
126 
TlLPOINTER_CHB 
OW 
a 
; TX BUFFER POINTER FOR CHB 


9222 eee9 
127 
TX_LEPIDTH_CHB 
OW 
a 
; TX BUFFER LENGTH FOR CHB 


9224 eeee 
128 
RiLPO I NTElLCHB 
OW 
9 
; RX BUFFER POINTER FOR CIiB 


9226 eeee 
129 
RiLeaM' 
_De 
OW 
9 
; RX LENGTH COJHTER FOR CHB 
922B 99 
139 
TX..E1'1PTY_Cffl 
DB 
a 
; TX DONE FLAG 


B229 ee 
131 
RiLREAD\' _CHB 
DB 
a 
; REfi)\' 
FLAG \1 
IF CR_CHR RECEIVED.- ELSE a) 
822A 99 
132 
sTATUSJls(LClil 
DB 
9 
; STATUS CHANGEPlEsSAGE 


9229 99 
133 
~JlS(LCHB 
DB 
a 
; ~ 
STATUS LOCATION <8 IF NO ERROR) 


134 


135 
; CHANNEL A POINTERS AND STATUS 
136 


922C eeee 
137 
TX_POINTER_CHA 
OW 
a 
; TX BUFFER POINTER FOR C.HA 


922E eeee 
139 
TX_LENGTH_CHA 
ow 
a 
; TX BUFFER LENGTH FOR CHA 


9239 9000 
139 
RiLPOINTER_CHA 
OW 
e 
; RX BUFFER POINTER FOR CHA 


9232 eeee 
149 
RiLCOUNT_Of! 
OW 
9 
; RX LENGTH COUNTERFOR CHA 
9234 99 
141 
TlLEPlPTY_CHA 
DB 
8 
;fli DONE FLAG 


ll235 
ee 
142 
RiLREAD\' _CHA 
DB 
9 
; READ\' FLAG (1 
IF CR_CHR RECEIVED, ELSE 9) 
9236 8e 
143 
sTATUSJ1sG_CHA 
DB 
9 
; STAnJS CHANGEMESSAGE 


9237 99 
144 
ERROR_t1..<;(LCHA DB 
8 
; ERRORSTAnIS 
LOCATION (8 
IF NO ERROR) 


145 
146 
DATA 
ENOS 
147 


14B +1 
$EJECT 


AFN: 
01995A 


2-347 


8500 91 
959116 


9502 92 
9503 88 


9564 93 
9595 ce 


95e6 94 
9507 4C 


9588 95 
9509 EA 


95eC 91 
959D 12 


959E 92 
950f 
39 


9519 93 
9511 ce 


9512 94 
9513 4C 


9514 95 
9515 EA 


9516 99 
9517 89 


file 
SEGI1ENT 
ASSUI1E CS:19::, OS:DATA,SS:DATA 
~ 
COOESTART 
i---------*--*- 
j* 
* 
;* 
PARAMETERSFOR CHAIfB. 
INITIfUZATION 
* 


i* 
* 


;-*--*-***-*-*************-*******-** 


; WR1- 
INTERRIPT ON I'LL RX CHR, 'fWIfIlLE 
INT VECTOR. TX IHT ENABlE 


I)I)STRB DB 
1, 1611 


; WR2- 
INTERRUPTIlECTOR 
DB 
2, (INLTABLE-fIl1SE/4) 


; IoIB - RX 8 BIT~ 
RX DISABLE 


DB 
3,9C8H 


; ~4 
- X16 CLOCK, 2 STOP BITS, 
NO PARITY 
DB 
4,4CH 


; ~ 
- DTR ACTIIIE, 
TX 8 BITSICHR, 
TX ENABLE, RTS ACTIVE 
DB 
5,9EAH 


; ~6 
fH) ~7 
HOT REQUIREDFOR ASYHC 
DB 
9,9 


; WR1- 
INTERRUPTON ALL RX CHR, TX INT ENABLE 
CI1DSTRADB 
1, 12H 


; WR2- IlECTOREDIHTERRlPT FOR 8986 
DB 
2,39H 


; IoIB - RX 8 BIT~, 
RX DISABLE 
DB 
3,9C9H 


; WR4- X16 CLOCK, 2 STOP BITS, 
HO PARITY 
DB 
4,4CH 


; WR5- DTR ACTIVE, TX 8 BITS/CHR, 
TX ENABlE 
RTS ACTIVE 
DB 
5,9EAH 


; WR6IN) WR7NOT REOOIREDFOR ASVI£ 
DB 
9,9 


189 
190 +1 
SEJECT 


9518 C796OO\l29896 
951E 8C0Ee2l!2 
9522 C70604023586 
9528 aceE9602 
952C C786e8824906 


9532 8C0EllA02 
9536 C796llC027786 
8S3C aceE8A02 


9548 C79610028Ce6 
llS46 8C0E1202 
954A C79614e2l!906 
955ll 
8C0E1602 
9554 C7861802C006 
855R 8ceE1Ae2 
95SE C7861CIl2FBe6 
ll564 
8C0E1E02 


ll568 
BFllll95 


9568 BAll600 
~o6E E82Ellll 
9571 BFOCllS 


9574 8f102OO 
9577 E825llll 


ll57A B800lle 


9570 A22Bll2 
ll58ll 
A23702 
9583 A22All2 
95e6 A23602 
ll589 
A32602 
958C A332ll2 
ll58F llll8-1 


9591 A22902 
9594 A23Se2 
9597 A228ll2 
959A A234112 
9590 FB 
959E C3 


9591' 8All5 
95A1 3Cll8 
95A3 7404 


;---_._---_.--_ 
. 
i* 
* 


IIIITII'UZATIIJI 
COI1IfH) 
Ft:R H£ 
8274 - TI£ 
8274 


IS SETLf' OCCOROIHGTO THE PARAMETERSST(RED III 


PR~ 
ABOVE STARTING AT Cl1STRBFOR CHANNELB AND 
CHSTRA FOR CHAItlEL A. 


IIIITIAL8274 
: 


; C{PY IIITERRtJ'T VECTOR II' 
All) 
CS YAlUES F~ 
~ 
TO RAM 


I'IOY 
TIC VECTOlLCHB, OFFSET XI1TIHB 
; TX DATA VECTll<: CHB 


I'IOY 
TX-.CS_CHB, CS 
Pm 
STS-VECTOIUHB, 
OFFSET STAIHB 
; STATUS VECTORCH8 


i'fOII 
STS_CS_CHB, CS 


I10V 
Rx..VECTOR_CHB, OFFSET RCVIHB 
; RX [lATA VECTOR CHB 
Pm 
RX-.CS_CHB, CS 
Pm 
ERR_VECTOIUHB, 
OFFSET ERRIHB 
; ERRORVECTOR CHB 


Pm 
Rx..CS_CHB, CS 
Pm 
TX-.VECTll<:_CHA, OFFSET XI1TIHA 
; TX DATA VECTt:R CHA 
MOV 
nLCS_CHA, 
CS 


MOV 
STS_VECTOR_CHA, OFFSET STAIHA 
; STATUS VECTORCHA 
MOV 
ST5_CS_CHA, CS 
MOV 
RX-VECTOR_CHA, OFFSET RCVINA 
; R:~ DATA VECTOR CHA 
MOV 
RX_CS_CHA, CS 
Pm 
ERILVECTOR_CHA.. OfFSET ERRINA 
; ERRORVECTORCHA 


"!)V 
ERlLCS_CHA.. CS 


Pm 
DL 
CHSET Ct1DSTRB 
; INITIALIZE 
CHB 
MOV 
DX, COMl1AHD_PORLCflB 


CALL 
SETUP 
; COPY CHB PARAI1ETERS 
HOV 
DL 
OFFSET CMD5TRA 
; INITIALIZE 
CHA 


MOV 
DX, COI1I1AHIHORLCHA 


CALL 
SETUP 
; COP'r CHA PARAI'ETERS 


I'm 
AX,1l 


MOV 
ERROR_I1SG_CHB,AL 
; CLEAR ERRORFLffi 
CHB 
MOV 
ERROR_I1SG_CHA,AL 
; CLEAR ERRORFLffi 
CHA 


MOV 
STATUS_I15G_CHB, AL 
; CLEAR STATUS FLAG CHe 
MOV 
STATUS_I15G_CHA, AL 
; CLEAR STATUS FLAG CHA 


MOV 
RX_CCUlT_CHB, AX 
; CLEAR RX COUNTERCHB 


I'm 
RX_COONLCHft 
AX 
; ClEAR RX COIJITER CHA 


1'[1\1 
FL 
1 


Pm 
Rx..READY_CHB, AL 
; SET RX [)()I,E FLffi 
CHB 


I'\OY 
Rx..REOOY_CHA.. AL 
; SET RX /)()ff: 
FLAG Cffl 
MOV 
nLEI1PTY _CHB, AL 
; SET TX /)()ff: 
FLAG CHB 


~IOV 
TUMPTY _CHA, AL 
; SET TX DONE FLAG CHA 


5TI 
; ENABLE INTERRUPTS 


RET 
; RET1.RN- DONE WITH SETUP 


SEHIP: 
I'm 
AL, 
[DIl 
; PARAl'ETER C{PY I NG ROIJTIHE 
CI1P 
fL 
II 


JE 
DM 


2-349 


95AS EE 
85A6 47 


8SA7 EBF6 
85A9 C3 


ll5AA 
85AA 58 
9SfIl 57 
8SAC 52 
95fl() C6862W2ll9 


05B2 BAl!489 
ll5B5 SB3E2e02 
9SB9 8A05 
95BB EE 
9SBC SA 
95BI) 51' 
95BE 58 
95Ilf C3 


95Cll 
95Cll 58 
05C1 57 
95C2 52 
85C3 C6e634ll200 
85C8 
BAll99lJ 


95Cll SB3E2C92 
95CF 8A05 
85D1 EE 
9502 
SA 
9503 
51' 


ll5I)4 58 


95D5 C3 


251 
252 
253 
254 
255 
256 +1 
257 
258 
259 
268 
261 
262 
263 
264 


265 
266 


267 
268 
269 
278 
271 
272 
273 
274 
275 
276 
277 
278 
279 
288 
281 
282 
283 
284 
285 
286 
287 


288 
289 
2ge 


291 
292 
293 
294 
295 
296 
297 
2ge 
299 
300 
301 
382 
303 
3&4 
305 
306 
307 
308 
309 
319 


OUT 
lHe 
Jlf' 


()(J£: 
REI 


ox, Fl 


01 
SETI.f' 


; OUTPUT PARfII'IETER 


; POINT AT NEXT P~ER 
; GO L(){l 
IT 


; 00£ 
- 
SO RETU<N 


;. 
n.; ClfH£L 
8 CCHfi{) 
ROUTH£ 
- 
ROUTINE 
IS CFlLEO 
TO 
• 
;. 
TRAIC,"IT 
A BUFFER. 
Tf£ 
BLfFER 
STARTING ADDRESS, 
• 
;. 
TX-POINTER_CHB, 
ANI) THE BUFFER LOOTH, 
TX~EIf3TH_CHB, 
;. 
HlI5T BE INITIALIZED 
BY HE CALLING PROGRAt'l 
* 


;* 
BOTH ITEI1S ARE WORD IlARlfKES. 
• 
;. 
• 


TX-C(MH)_CHB 
: 


PUSH 


PUSH 


PUSH 
IfN 


t1OI/ 


HOV 


t10Y 
0lIT 


POP 


POP 


POP 
RET 


AX 
; SAYE REGISTERS 
01 


OX 
T~_EI1PTY _CHB, 
9 ; CLEAR El'lPTY FLAG 


OX, DATA_PORLCHB 
; SETUP PORT POINTER 
OL 
TX_POINTER_CHB 
; GET TX BUFFER POINTER 
(;HB 
AL 
[D Il 
; GET FIRST 
CHARACTER TO TX 


ox, 
Ii. 
; OUTPlIT IT TO 8274 
TO GET IT STARTEV 


OX 
01 


AX 
;-----_._....._-_._ ..... 
i* 
:+ 


;. 
n.; ClRH:L 
A CO!'1HfiN[)ROUTIP£ 
- ROUTINE 
IS 
CALLED TO 
• 


;. 
TRAN5I1IT A BUFFER. 
THE BUFFER STARTING ADDRESS. 
'" 


; • 
TlLPOINTER_CHA. 
ANI) THE BtHER 
LENGTH, 
TX_LEtfiTH_CHA, 
'" 
;. 
I1lIST BE INITIFllZED 
BY THE CtLLIIf3 
PROGRAM. 
* 


;. 
BOTH lTEIIS 
ARE WORl) IlARIABLES. 
* 


i* 
* 


; •••••• "'**••• *."'••• "'''''''••'''•• ''''''•• _.*** 
••• '''*'''*'''*'''*''''''.'''''''''.'''******''' 


TlLeatftI{l_CHA 
: 


PUSH 


PlI5H 


PUSH 


t10Y 


MOY 
IfN 
MOY 


OliT 


POP 


POP 


POP 


RET 


11:< 
.' SAVE REGISTERS 
01 


DX 
T'<'-E!\OTY_CHA, 
9 ; QEAR 
E!\OTY FLAG 


Ox, 
DATILPORLCHA 
; SETUP PORT POINTER 


o L 
n.;YOINTEILCHA 
; GET TX BLfFER 
POINTER 
CHft 
fL 
[ DIl 
; GET FI RST CHARACTER TO TX 


Ox, 
Ii. 
.;OUTPUT IT TO 8274 
TO GET IT STARTED 


OX 
01 


AX 


j **************************************************************** 
;* 
* 
; '" 
Rli COIt1fH) 
FOR Cl'ifH£L 
B - 
THE CALLING ROUTINE 111J5T 
'" 
;. 
INITIALIZE 
Rli_POIKTERJ:liB 
TO POINT 
AT THE RECEIVE 
* 


; '" 
BtiFFER 
BEFORE CALLING THIS 
ROUTINE. 
'" 


II5D6 
II5D6 58 
67 52 
85D8 C686298298 
8500 C7Il626828808 
85E3 8A8688 
85E68983 
85E8 EE 
85E9 sec1 
85EB EE 
85EC SA 
85ED 58 
85EE C3 


85EF 
85EF 58 
85F8 52 
85F1 C68635Il288 
85F6 C786328289ll8 
85FC BA8288 
85FF 8983 
8681 EE 
8682 88C1 
8684 EE 
8685 SA 
ll686 
58 
8687 C3 


8688 52 
8689 57 
868A 58 
868B E88281 
868E FF862982 
8612 FF8E2282 
8616748E 
8618 BA848fl 
8618 883E2e92 
861F 8A85 
8621 EE 


311 
312 
313 
314 
315 
316 
317 
318 
319 
328 
321 


322 
323 
324 


325 
326 
327 
328 
329 
338 
331 
332 
333 
334 
335 
336 
337 
338 
339 
348 
341 
342 
343 
344 
345 
346 
347 
348 


349 
35Il +1 
351 
352 
353 
354 
355 
356 
357 
358 
359 
368 
361 
362 
363 
364 
365 
366 
367 
368 
369 
378 


RlLCt)9ffI)_CHB 
: 


PUSH 
AX 
; SfM 
REGISTERS 
PUSH 
I)X 
lIlY 
RX..REffiY_OIl, 
8 ; CLEAR RX REfIlY FLAG 
lIlY 
RlLCWlT _OIl, 
8 ; CLEAR RX eotmER 
lIlY 
I)x, 
CCII'1/H)J'ORT _CHB 
; POINT AT COI1I'IANDPORT 
lIlY 
Il., 
3 
; SET UP FOR WR3 


OOT 
I)x, 
AL 


lIlY 
PL.. 8CiH 
; WR3 - 8 BITSICIfl, 
ENABLE RX 
OOT 
1»)(, AL 
POP 
I)X 


POP 
AX 
RET 
;RETIRN 


;-*************--*-**-**************** 
j* 
* 


; • 
RX COI'IIfH) 
FOR CIRI£l 
A - THE CALLING ROUT!lIE I'lIJST 
* 


;* 
INITIAlIZE 
RlLPOINTER_CHA TO POINT AT THE RECEIVE 
* 


;* 
BlJFFER BEFORECALLING THIS ROOTINE. 
* 


j* 
• 


;**************-*******************-********************* 


. RlLClItlfN)_CHA: 


PUSH 
PUSH 
lIlY 
lIlY 


I'IOV 
lIlY 


OOT 


I'IOY 
OIJT 


POP 
POP 


RET 


AX 
; SAVE REGISTERS 
I)X 
R:t.REfI>Y_CHfl, 8; 
CLEAR RX READY FLAG 


RlLCOJNT_CIfl, 
8 ; CLEAR RX COIJNTER 


I)x, 
cm'1fN)_PORT _CHA 
; POINT AT COMHANDPORT 


AL, 
3 
; SET UP FOR WR3 


I)x, 
AL 


AL, 
8C1H 
; WR3 - 8 BITS/CHR, 
ENABLE RX 
I)X, 
AL 


I)X 


AX 


;--***-***************-*********************** 
j* 
* 
; • 
START OF INTERRlJPT SERVICE ROIJT!NES 
* 


j* 
* 
;---***-************************ 


XIlTIIIl: 
PUSH 
PUSH 
PUSH 
CAlL 
INC 
DEC 
JE 
lIlY 
lIlY 
lIlY 
OIJT 


I)X 
; SAVE REGISTERS 
1)1 


AX 
EOI 
; SEND EOI COftlAN) TO 8274 
Tx..POINTEILCHB 
; POINT TO NEXT CHARACTER 
Tx..LENGTH..CIIl 
; DEC LENGTH COIJNTER 


XIS 
; TEST IF ()()I£ 


I)x, 
DflTAJ'ORLClil 
; NOT DONE - GET NEXT CHARACTER 
I)I, 
T:t.POINTElLCHB 
AL, 
[I)IJ 
; PUT CIflRACTER IN AI.. 


I)x, 
AI.. 
; OUTPUT IT TO 8274 


2-351 


APPLICATIONS 


11:5-86 
Ift:RO 
RSSDIllER 
ASVI«:8 
PfG 
8 


LOC 
IIlJ 
LIt£ 
so.m 


8622 
58 
371 
P(I' 
AX 
,REST~ 
REGISTERS 


Il623 
51' 
372 
P(I' 
01 


8624 
SA 
373 
P(I' 
OX 


8625 
CF 
374 
lRET 
; RETtRl 
TO F~(il(XN) 


8626 
flIl868ll 
375 
XIB: 
lilY 
Ox, 
ClMM)J'(RLC1f3 
; fU 
~TERS 
HAYE BEEN SEll) 


9629 
B828 
376 
tm 
fL 
28H 
; RESET TRANSIIITIER 
INTERRLfT PEIIHNG 
962B 
EE 
377 
OOT 
Ox, 
At. 


lI62C C686288281 
378 
tm 
TlUII'TV 
_CIf3, 
1; 
[)()£ 
- SO SET TX Elf'TV 
FLffi 
CHB 


11631 58 
379 
P(I' 
AX 
,REST~ 
REGISTERS 
11632 51' 
3811 
P(I' 
01 


11633 SA 
381 
P(I' 
OX 


8634 
CF 
382 
lRET 
,REMN 
TO FOREGROUIIl 


383 
384 
; CIftf£L 
B STATUS CIfHlE 
SER\'ICE 
ROOTH£ 


385 
11635 52 
386 
STAlhB: 
PUSH 
OX 
,SAVE REGISTERS 


11636 57 
387 
PUSH 
01 


8637 
58 
388 
PUSH 
AX 
8638 
E8D51111 
389 
CIU 
EOI 
,SEll) 
EOI rotfW 
TO 8274 


8638 
flIl868ll 
3ge 
lIlY 
Ox, 
rotfH)J'(RLC1f3 


863E 
EC 
391 
IN 
fL 
OX 
,READ RR9 


8631' 
A22AB2 
392 
lIlY 
STATUS.JlSG...CIf3, 
AL 
; PUT RR9 IN STATUS P£SSAGE 


8642 
B1119 
393 
PlO\I 
AL, 19H 
,SEll) 
RESET STATUS INT COII'IANO TO 8274 
8644 
EE 
394 
OOT 
Ox, 
AL 


8645 
58 
395 
P(I' 
AX 
; REST~ 
REGISTERS 


8646 
51' 
396 
P(I' 
01 


8647 
SA 
397 
P(I' 
OX 
8648 
CF 
398 
lRET 


399 
4118 
; CIftf£L 
B RECElYED DATA SERYlCE ROUTINE 


481 


8649 
52 
482 
RCVINB: PUSH 
OX 
; SAYE REGISTERS 


ll64R 57 
483 
PUSH 
01 
8648 
58 
484 
PUSH 
AX 


864C E8C100 
4115 
CALL 
EOI 
; SEll) 
EOI COIt1fHJ 
TO 8274 


864F 
8B3E2482 
486 
PlO\I 
01, 
RlU'OINTER..CHB 
; GET RX CHB BlfFER 
POINTER 
8653 
BAII4ll8 
497 
lIlY 
Ox, 
DATfL~LC1f3 


8656 
EC 
4118 
IN 
fL 
OX 
; REf{) ClH(ACTER 


8657 
8895 
4119 
lilY 
[011 
At. 
; STORE IN BUFFER 


8659 
FF962482 
419 
INC 
RX..POINTER_C1f3 
; BlJl'II' THE BlJFFER POINTER 
865D FF8626112 
411 
INC 
RlLCWfT _CHB 
,BlJI'II' TI£ 
CWITER 
8661 
3CIID 
412 
CI'II' 
fL 
C1LCHR 
,TEST 
IF LAST CHARACTERTO BE RECEIVED? 
9663 
758E 
413 
JNE 
RIB 


8665 
C6962992II1 
414 
tm 
RX..READY-1)11, 
1; 
YES, 
SET READY FLAG 


II66A BA96II9 
415 
tm 
Ox, 
ClW1flN()_PORLCHB 
; POINT AT COI'IMflI-i)PORT 


8660 
B11113 
416 
lIlY 
fL3 
; POINT AT WR3 
866F 
EE 
417 
OUT 
Ox, 
At. 


&711 BllCII 
418 
lIlY 
fL 
0C9H 
,OISABLE 
RX 
9672 
EE 
419 
OOT 
Ox, 
II. 


8673 
58 
429 
RIB: 
POP 
AX 
; EITHER WAY, RESTORE REGISTERS 
8674 
51' 
421 
POP 
01 


8675 
SA 
422 
POP 
OX 
8676 
CF 
423 
IRET 
,REMN 
TO F~GROlN) 
424 


425 
; CHANNELB ~ 
SERVICE ROOTlNE 
426 
8677 
52 
427 
ERRllil: 
PUSH 
OX 
; SAYE REGISTERS 


8678 
58 
429 
PUSH 
AX 
8679 
E894IIll 
429 
CfU 
EOI 
; SEll) 
EOI CClt'IfflD TO 8274 
867C 
BA96IIll 
438 
tm 
Ox, 
OO'RiLPORLC1f3 


AFN: 
01V95A 
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LOC 
OOJ 
LitE 
SlXRCE 


967f 
BOO1 
431 
'fOY 
fM., 1 
; POINT AT RR1 


B681 EE 
432 
OUT 
Ox, 
AI. 


8682 EC 
433 
IN 
fL 
OX 
; REA\) RR1 


9683 A22B82 
434 
tffl 
ERR(U1S(LC!il, 
AI. 
; SAVE IT 
IN ERRORFLAG 


9686 8039 
435 
If}! 
AI., 
3!fj 
; SEND RESET ERRORCOI1'IffID TO 8274 


9688 EE 
436 
OUT 
OX, AL 


9689 58 
437 
POP 
AX 
; RESTOREREGISTERS 


968A SA 
438 
PCf 
OX 


9688 CF 
439 
IRET 
; RETtRN TO FOREIJROLtID 
44e 
441 
; ClftHl 
A TRANSIlIT DATA SERVICE ROUTINE 
442 


968C 52 
443 
XKTINA: 
PUSH 
OX 
; SAVE REGISTERS 


968D 57 
444 
PUSH 
01 


968E 50 
445 
PUSH 
AX 


968F E87E80 
446 
CALL 
EOI 
; SEND EOI COPtIAIil TO 8274 


9692 FF962C82 
447 
INC 
TX_POINTER_CHA 
; POINT TO NEXT CHARACTER 


0696 FF9E2EB2 
448 
DEC 
TX-lENGTH_CHA 
; DEC LENGTH COUNTER 


069A 74BE 
449 
JE 
XIA 
; TEST I F DONE 


069C BA0lllI0 
450 
WJ\I 
OX, DATA..PORLCHA 
; NOT DONE - GET NEXT CHARACTER 


069F 883E2C82 
451 
'lOIJ 
OJ, 
TXYOINTER..CHA 


86fl3 
8ABS 
452 
1'1011 
AL 
WI] 
; pm 
C"HARACTERIN AL 


ll6AS EE 
453 
OUT 
OX, AL 
; OUTPUT IT TO 8274 


ll6A6 58 
454 
POP 
AX 
; RESTOREREGISTERS 


ll6A7 SF 
455 
POP 
01 


ll6A8 SA 
456 
POP 
OX 
96A9 CF 
457 
IRET 
; RETURN TO FOREGROOND 


ll6AA BAB2ee 
458 
XIA: 
!'IOV 
OX, COItlANC>_PORT_CHA 
; ALL CHARACTERSHAVE BEEN SEND 


96fl) 
BB28 
459 
t'1OV 
AL 
28H 
; RESET TRANSMITTER INTERRUPT PENDING 


ll6AF EE 
46e 
OUT 
OX, AL 


ll6B8 C696348201 
461 
HOV 
TX_HPTY _CIR 
1 ; DONE - 50 SET TX EMPTY FLAG CHB 


ll6BS 58 
462 
POP 
A'~ 
.' RESTOREREGISTERS 


~SF 
463 
POP 
01 


ll6B7 SA 
464 
POP 
OX 
13688 CF 
465 
IRET 
; RETURN TO FOREGROUND 
466 
467 
; CHAItlEL A STAnJS CHHNGESERVICE ROUTIt£ 
468 


ll6B9 
52 
469 
STAINA 
PUSH 
OX 
; SAllE REGISTERS 


ll6BA 57 
470 
plJSH 
o! 


ll6B8 5B 
471 
PIJ5H 
AX 
86BC E8S100 
472 
CAlL 
EO! 
; SEND EO! COf'9IAM) TO 8274 


ll6BF BAll200 
473 
I'JJV 
Ox, 
rnt1AND _PORLCHA 


86C2 FC 
474 
IN 
AL, 
OX 
;REA[l RRB 


ll6C3 A23602 
475 
HOV 
STATIJ5_MSG_CHA, AL 
.' P1JTRRB H1 STATUS MESSAGE 


ll6C6 Be10 
476 
MOil 
AL 
1eH 
; SEND RESET STATIJ5 INT COMI1ANDTO 8274 


ll6C8 EE 
477 
OLiT 
Ox, 
AL 


ll6C9 58 
478 
POP 
AX 
; RESTOREREGISTERS 


ll6CA SF 
479 
POP 
01 


ll6CB SA 
48l.l 
POP 
OX 
ll6CC CF 
481 
!RET 
482 


483 
; CHFH/EL A RECEIIlEO DATA SERVICE ROUTINE 
484 


ll6CD 52 
48S 
RC'nNA: 
PUSH 
ox 
; SAllE REGISTERS 


ll6CE 57 
486 
P1JSH 
01 


ll6CF ~.e 
487 
PUSH 
AX 


0600 E83000 
488 
CALL 
EOI 
; SENO EOI COttlANO TO 8274 


0603 883E3ge2 
489 
1'r.N 
OJ.. RX_pOINTER_CHA 
,GET RX CHA BtJFFER POINTER 


0607 BAlllllle 
490 
MOIl 
ox, 
DATA_PORLCHA 


AFN: 
01995A 
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LOC 
OBJ 
LINE 
5lXJRCE 


96DA EC 
491 
IN 
fL 
OX 
; READ CHfi<Il:TER 


96DB 8885 
492 
I'm 
[011 
fL 
; STORE IN BlJ'FER 


96DD FF963002 
493 
INC 
RX_POINTEfLClfl 
; 8UI'1P THE BUFFER POINTER 


06E1 FF963282 
494 
INC 
RX_COONT_Clfl 
; 8IJ'1P THE COUNTER 


96E5 3COO 
495 
CHI' 
Al, 
CR_CHR 
; TEST IF LAST CHfi<Il:TER 
TO BE RECEI\IED? 


86E7 ?SeE 
496 
JNE 
RIA 


86E9 C606359291 
497 
I'm 
RlLREAD'UHA, 
1 ; YES, SET REOOYFLAG 


ll6EE BA0209 
498 
110\1 
OX, COMI1AND_PffiT_CHA 
; POINT AT COIt1fINt) PORT 


96F1 Bee3 
499 
I'm 
fL 
3 
; POINT AT 1olR3 


96F3 EE 
see 
em 
Ox, 
fL 


96F4 BOC8 
5111 
PlOY 
fL, 
llC9H 
; 0 I SA8l.E RX 


96F6 EE 
592 
OUT 
OX, AI.. 


96F7 58 
5133 
RIA: 
POP 
AX 
; EITHER WAY, RESTOREREGISTERS 


96F8 SF 
5e4 
POP 
01 


96F9 SA 
5lJ5 
POP 
OX 
96FA CF 
596 
IRET 
; RETI~ 
TO FOREGROlJNO 


5137 


508 
; CHftlNEL A ERRORSERVICE ROUTINE 


5e9 


96FB 52 
510 
ERRIIil: 
PUSH 
OX 
; SfIIIE REGISTERS 


06fT 
50 
511 
PUSH 
AX 
96F0 E81000 
512 
CALL 
EOI 
; SEND EOI CO!'1I1ANOTO 8274 


0700 BAB2llB 
513 
0011 
Ox, 
CQItlflND J'ORLClfl 


07B3 BOO1 
514 
PlOY 
fL 
1 
; POINT AT RR1 


07B5 EE 
515 
OUT 
OX, PL 


0796 EC 
516 
IN 
fl., 
OX 
; READ RR1 


0707 A217B2 
517 
~l(N 
ERROP._!'1SG-CHA,AI.. 
; SAllE IT 
IN ERROR FLffi 


07BA BlB0 
518 
PlOY 
fL 
:lBH 
; SEND RESET ERROR COI1t1ANDTO 8274 


0lOC EE 
519 
OUT 
Ox, 
AL 


07BD 58 
520 
POP 
AX 
-'RESTOREREGISTERS 
07BE 5A 
521 
POP 
OX 
07BF CF 
522 
lRET 
; RETURN TO FOREGROUND 


523 
524 
-'ENI)-OF- INTERRUPT roJTINE 
- SENDS EOI CIlW1/(i 
TO 8274. 


525 
; 
THIS C0I1I'IANDt1lJST ALWAYS TO ISSUED ON CHANNEL A. 


526 
0710 513 
527 
E01: 
PUSH 
AX 
; SAllE REGISTERS 


0711 52 
528 
PUSH 
DX 
0712 BA0200 
529 
MOIl 
Ox, 
C0I1MAND_PORLCHA 
; ALIoIAY5FOR CHANNEL A !'! 
0715 8018 
53il 
MOV 
Al, 
38H 


0717 EE 
531 
OliT 
DX, AL 


0718 5A 
532 
POP 
DX 
0719 58 
513 
POP 
AX 
071A C3 
534 
REI 
535 
536 
; END OF CODE R()IJTIHE 


537 
53il 
OOC 
ENDS 
539 
END 


ASSEMBlY ClWLETE, 
NO ERRDRSFOlINO 
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INTRODUCTION 


The Int<;l® 8292 is a preprogrammed 
UPI'M-4IA that 


implements 
the Controller 
function 
of the IEEE Std 


488-1978 
(GPIB, 
HP-IB, 
IEC Bus, etc.).Jn 
order to 


function 
the 
8292 
must 
be 
used 
with 
the 
8291 


Talker! 
Listener 
and 
suitable 
interface 
and 
trans- 


ceiver 
logic 
such 
as a pair 
of Intel 
8293s. 
In this 


configuration 
the system 
has the potential 
to be a 


complete 
G PIB 
Controller 
when 
driven 
by 
the 


appropriate 
software. 
It has 
the 
following 
capa- 


bilities: 
System 
Controller, 
send 
IFC 
and 
Take 


Charge, 
send REN, Respond 
to SRQ, send Interface 


messages, 
Receive 
Control, 
Pass Control, 
Parallel 


Poll and Take 
Control 
Synchronously. 


This application 
note will explain 
the 8292 only in 


the system context 
of an 8292, 8291, two 8293s and 


the driver 
software. 
If the reader 
wishes 
to learn 
more about 
the UPI-41A 
aspects 
of the 8292, Intel's 


Application 
Note 
AP-41 
describes 
the 
hardware 


features 
and 
programming 
characteristics 
of the 


device. 
Additional 
information 
on the 8291 may be 


obtained 
in the data sheet. The 8293 is detailed 
in its 


data 
sheet. 
Both 
chips 
will be covered 
here in the 


details 
that 
relate 
to the GPIB 
controller. 


The next section of this application 
note presents 
an. 


overview 
of the GPIB 
in a tutorial, 
but compre- 


hensive 
nature. 
The knowledgable 
reader 
may wish 


to skip this section; 
however, 
certain 
basic semantic 


concepts 
introduced 
there 
will be used throughout 


this note. 


Additional 
sections 
cover the view of the 8292 from 


the CPU's 
data 
bus, the interaction 
of the 3 chip 


types 
(8291, 
8292, 
8293), 
the 
8292's 
soft~are 


protocol 
and 
the system 
level hardware/software 
protocql. 
A 
brief 
description 
of 
interrupts 
and 


DMA 
will be followed 
by an application 
example. 


Appyndix 
A contains 
the source code for the system 


driver 
software. 


GPIB/IEEE 
488 OVERVIEW 


DESIGN 
OBJECTIVES 


What is the IEEE 488 (GPIB)? 


The experience 
of designing 
systems for a variety of 


applications 
in the 
early 
1970's 
caused 
Hewlett- 


Packard 
to define 
a standard 
intercommunication 


mechanism 
which would allow them to easily assemble 


instrumentation 
systems 
of varying 
degrees of com- 


plexity. 
In a typical 
situation 
each 
instrument 
de- 


signer designed 
his/ her own interface 
from scratch. 


Each 
one 
was 
inconsistent 
in terms 
of electrical 


levels, 
pin-outs 
on a connector. 
and 
types of con- 


nectors. 
Every time they built a system they had to 
invent 
new cables 
and 
new documentation 
just 
to 


specify the cabling 
and interconnection 
procedures. 


Based on this experience, 
Hewlett-Packard 
began to 


define 
a new interconnection 
scheme: 
They 
went 
further 
than 
that, 
however, 
for 
they 
wanted 
to 


specify 
the 
typical 
communication 
protocol 
for 


systems 
of 
instruments. 
So 
in 
1972, 
Hewlett- 
Packard 
came out with the first version 
of the bus 


which since has been modified 
and standardized 
by a 


committee 
of several 
manufacturers, 
coordinated 


through 
the IEEE, 
to perfect what is now known as 


the IEEE 488 Interface 
Bus (also known 
as the HP- 
IB, the 
GPIB 
and 
the 
IEC 
bus). 
While 
this 
bus 


specification 
may 
not 
be 
perfect, 
it is a 
good 


compromise 
of the 
various 
desires 
and 
goals 
of 


instrumentation 
and 
computer 
peripheral 
manu- 
facturers 
to 
produce 
a common 
interconnection 


mechanism. 
It fits most instrumentation 
systems 
in 


use today 
and also fits very well the microcomputer 


I/O 
bus requirements. 
The basic design 
objectives 


for the GPIB 
were to: 


I. Specify a system that is easy to use, but has all of 


the 
terminology 
and 
the definitions 
related 
to 


that 
system 
precisely 
spelled 
out so that 
every- 


one uses the same language 
when discussing 
the 


GPIB. 
2. Define all of the mechanical, 
electrical, 
and func- 
tional 
interface 
requirements 
of a system. yet not 


define 
any of the device aspects 
(they are left up 


to the instrument 
designer). 


3. P,ermit a wide range of capabilities 
of instruments 


and computer 
peripherals 
to use a system simul- 


taneously 
and 
not 
degrade 
each 
other's 
per- 
formance. 
4. Allow different 
manufacturers' 
equipment 
to be 


connected 
together 
and 
work 
together 
on the 


same bus. 
5. Define 
a system 
that 
is good 
for 
limited 
dis- 
tance 
interconnections. 


6. Define 
a system 
with 
minimum 
restrictions 
on 


performance 
of the devices. 


7. Define a bus that allows asynchronous 
communi- 


cation 
with a wide range 
of data 
rates. 


8. Define 
a low cost system 
that 
does not require 


extensive 
and 
elaborate 
interface 
logic for the 


low cost instruments, 
yet provides 
higher 
capa- 
bility for the higher 
cost instruments 
if desired. 


9. Allow systems 
to exist that do not need a central 


controller; 
that 
is, communication 
directly 
from 


one instrument 
to another 
is possible. 


Although 
the 
GPIB 
was 
originally 
designed 
for 


instrumentation 
systems, 
it became 
obvious 
that 


most 
of these 
systems 
would 
be controlled 
by a 


calculator 
or computer. 
With 
this in mind several 


modifications 
were made 
to the original 
proposal 


before 
its final adoption 
as an international 
stan- 


dard. 
Figure 
I lists the salient 
characteristics 
of the 


G PI B as 
both 
an 
instrumentation 
bus 
and 
as a 


computer 
I/O 
bus. 


Data Rate 


. 1M bytes/s, 
max 
250k 
bytes/s, 
typ 


Multiple 
Devices 


15 devices, max (electrical 
limit) 
8 devices, typ 
(interrupt 
flexibility) 


Bus Length 
20 m, max 
2 m/device, 
typ 


Byte Oriented 
8-bit 
commands 


8-bit 
data 


Block 
Multiplexed 
Optimum 
strategy 
on GPI B due to 
setup overhead for commands 


Interrupt 
Driven 
Serial poll 
(slower 
devices) 
Parallel 
poll 
(faster devices) 


Direct 
Memory 
Access 
One DMA 
facility 
at controller 


s~rves all devices on bus 


Asynchronous 


One talker 
} 
. 


Multiple 
listeners 
3-wlre 
handshake 


I/O to I/O Transfers 


Talker 
and listeners 
need not 
include 
microcomputer/controller 


Figure 1. Major Charact~rislics of 
GPIB as Microcomputer I/O Bus 


The bus can be best understood 
by examining 
each 


of these 
characteristics 
from 
the 
viewpoint 
of a 


general 
microcomputer 
I/O 
bus. 


Data 
Rate - 
Most 
microcomputer 
systems 
utilize 


peripherals 
of differiI1g operational 
rates, 
such as 


floppy 
discs at 31k or 62k bytes/ s (single or double 


density), 
tape 
cassettes 
at 5k to 
10k bytesls, 
and 


cartridge 
tapes at 40k,to 80k bytes/s ..In general, 
the 


only devices that need high speed 
110 are 0.5" (1.3- 


cm) magnetic 
tapes 
and 
hard'dlscs, 
operational 
at 


30k 
to 
781k 
bytes/s, 
respectively. 
Certainly, 
the 


250k-bytesl 
s data rate that can be easily achieved 
by 
the IEEE 
488 bus is sufficient 
for microcomputers 


and their 
peripherals, 
and is more than 
needed 
for 
typical analog 
instruments 
that take only a few read- 
ings per second. 
The IM-byte/s 
maximum 
data rate 


is not 
easily 
achieved 
on the GPIB 
and 
requires 


speciaL attention 
to considerations 
beyond the scope 


of this note. Although 
not required, 
data 
buffering 


in each 
device 
will improve 
the 
overall 
bus per- 


formance 
and allow 
utilization 
of more 
of the bus 


bandwidth. 


Multiple 
Devices 
- 
Many 
micro,computer 
systems 


used as computers 
(not as components) 
service from 


three to seven peripherals. 
With the GPIB, 
up to 8 


devices 
can be handled 
easily by I controller; 
with 


some 
slowdown 
in interrupt 
handling, 
up to 
15 


devices can work together. 
The limit of 8 is imposed 


by the 
number 
of unique 
parallel 
poll 
responses 


available; 
the limit of 15 is set by the electrical 
drive 


characteristics 
of the bus. Logically, 
the IEEE 
488 


Standard 
is capable 
of accommodating 
more device 


addresses 
(31 
primary, 
each 
potentially 
with 
3 I 


secon'daries). 
' 


Bus 
Length 
- 
Physically, 
the majority 
of micro- 


computer 
systems 
fit easily 
on a desk 
top 
or in a 
standard 
19" (48-cm) 
rack, eliminating 
the need for 


extra 
long cables. The G PIB is designed 
typically 
to 


have 2 m'of length per device, which accommodates 
most 
systems. 
A line printer 
might 
require 
greater 


cable lengths, 
but this can be handled 
at the lower 
speeds 
involved 
by using 
extra 
dummy 
termina- 
tions. 


Byte Oriented 
- 
The 8-bit byte is almost 
universal 


in 110 applications; 
even 
16-bit and 
32-bit 
com- 


puters use byte transfers 
for most peripherals. 
The 8- 


bit byte matches 
the ASCII 
code for characters 
and 
is an integral 
submultiple 
of most computer 
word 
sizes. The GPIB has an 8-bit wide data path that may 
be used to transfer 
ASCII 
or binary data, as well as 


the necessary 
status 
and control 
bytes. 


Block 
Multiplexed 
- 
Many 
peripherals 
are block 


oriented 
or are 
used 
in a block 
mode. 
Bytes are 


transferred 
in a fixed or variable 
length group: 
then 
there 
is a wait before 
another 
group 
is sent to that 
device, e.g., one sector of a floppy disc, one line on a 
printer 
or tape punch, 
etc. The G PI B is, by nature, 
a 


block multiplexed 
bus due to the overhead 
involved 


in addressing 
various 
devices to talk and listen. This 


overhead 
is less bothersome 
if it only occurs once for 


a large number 
of data 
bytes (once per block). This 


mode 
of operation 
matches 
the 
needs 
of micro- 
computers 
and most of their peripherals. 
Because of 
block multiplexing, 
the bus works best with buffered 
memory 
devices. 


Interrupt 
Driven - 
Many types of interrupt 
systems 


exist, ranging 
from complex, 
fast, vectored I priority 


networks 
to 
simple 
polling 
schemes. 
The 
main 
tradeoff 
is usually cost versus speed of response. 
The 


G PIB has two interrupt 
protocols 
to help span the 


range 
of applications. 
The 
first is a single 
service 


request 
(SRQ) 
line 
that 
may 
be asserted 
by all 


interrupting 
devices. 
The 
controller 
then 
polls all 


devices to find out wh~ch wants service. The polling 
mechanism 
is 
well 
defined 
and 
can 
be 
easily 


automated. 
For 
higher 
performance, 
the 
parallel 
poll capability 
in the IEEE 
488 allows 
up to eight 
devices 
to 
be 
polled 
at 
once 
- 
each 
device 
is 


assigned 
to one bit of the data bus. This mechanism 
provides 
fast recognition 
of an interrupting 
device. 


A drawback 
is the frequent 
need for the controller 
to 


explicitly 
conduct 
a parallel 
poll, since there 
is no 


equivalent 
of the SRQ 
line for this mode. 


Direct Memory 
Access 
(DMA)- 
In many applica- 


tions, 
no imediate 
processing 
of I/O data on a byte- 
by-byte 
basis 
is 
needed 
or 
wanted. 
In 
fact, 
programmed 
transfers 
slow down the data transfer 


rate 
unnecessarily 
in these cases, and higher 
speed 


can be obtained 
using 
DMA. 
With the GPIB, 
one 
DMA 
facility 
at the controller 
serves 
all devices. 
There 
is no need to incorporate 
complex 
logic in 


each device. 


Asynchronous 
Transfers 
- 
An asynchronous 
bus is 
desirable 
so that each device can transfer 
at its own 


rate. 
However, 
there 
is still a strong 
motivation 
to 
buffer 
the data 
at each 
device 
when 
used 
in large 


systems 
in order to speed up the aggregate 
data rate 


on the bus by allowing 
each device to transfer 
at top 


speed. The GPIB is asynchronous 
and uses a special 
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TAUt 
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BUS 
AND 


CONTROL 


(I.g. 
computer) 


DEVICE 
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ABLE 
TO 
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AND 
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DATA BYTE 
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TRANSFER 
CONTROL 


DEVICE 
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ONLY 
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GENERAL 
INTERFACE 
MANAGEMENT 


DEVICE 
0 
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TO 
TALK 
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3-wire 
handshake 
that 
allows 
data 
transfers 
from 
one talker 
to many 
listeners. 


I/O 
To I/O 
Transfers 
- 
In practice, 
I/O 
to I/O 


transfers 
are 
seldom 
done 
due 
to 
the 
need 
for 


processing 
data 
and 
changing 
formats 
or due 
to 


mismatched 
data 
rates. 
However, 
the 
GPIB 
can 


support 
this 
mode 
of operation 
where 
the micro- 


computer 
is 
neither 
the 
talker 
nor 
one 
of 
the 


listeners. 


Data Bus 


The 
lines DlOl 
through 
DlO8 are used to transfer 


addresses, 
control 
information 
and 
data. 
The 


formats 
for addresses 
and control 
bytes are defined 


by the IEEE 488 standard 
(see Appendix 
C). Data 


formats 
are undefined 
and may be ASCII 
(with or 


without 
parity) 
or binary. 
DlO I is the Least 
Sig- 


nificant 
Bit (note 
that 
this will correspond 
to bit 0 


on most computers). 


Management 
Bus 


A TN - 
Attention 
This signal 
is asserted 
by the 


Controller 
to indicate 
that it is placing an address 
or 


control 
byte on the Data 
Bus. ATN is de-asserted 
to 


allow the assigned 
Talker 
to place status or data on 


the Data 
Bus. The Controller 
regains control 
by re- 
asserting 
ATN; this is normally 
done synchronously 


with 
the 
handshake 
to avoid 
confusion 
between 
control 
and data 
bytes. 


£01- End or Identify 
Thissignal 
has two uses as 


its name 
implies. 
A talker 
may assert 
EOI simul- 
taneously 
with the last byte of data to indicate 
end of 


data. 
The 
Controller 
may assert 
EOI 
along 
with 
ATN 
to 
initiate 
a Parallel 
Poll. 
Although 
many 


devices 
do not use' Parallel 
Poll, all devices should 


Ilse EOI to end transfers 
(many 
currently 
available 


ones do not). 


SRQ 
- 
Service 
Request 
This 
line 
is like 
an 
interrupt: 
it may be asserted 
by any device to request 
the Controller 
to take some action. 
The Controller 


must 
determine 
which 
device 
is asserting 
SRQ 
by 


conducting 
a Serial 
Poll at its earliest 
convenience. 


The device deasserts 
SRQ 
when 
polled. 


1Fe - 
Interface 
Clear 
This signal is asserted 
only 


by the System 
Controller 
in order 
to initialize 
all 


device interfaces 
to a known 
state. After deasserting 


IFC, the System Controller 
is the active controller 
of 


the system. 


R£N - 
Remote 
Enable 
This 
signal 
is asserted 
only by the System Controller. 
Its assertion 
does not 


place devices into Remote 
Control 
mode; REN only 


enables 
a device 
to go remote 
when 
addressed 
to 


listen. 
When 
in Remote, 
a device should 
ignore 
its 


front 
panel 
controls. 


Transfer 
Bus 


NRFD - 
Not Ready 
For Data 
This handshake 


line is asserted 
by a listener 
to indicate 
it is not yet 


ready for the next data or control 
byte. Note that the 


Controller 
will not see NRFD 
deasserted 
(i.e., ready 
for data) 
until all devices 
have deasserted 
NRFD. 


NDA C -- 
Not 
Data 
Accepted 
This 
handshake 
line is asserted 
by a Listener 
to indicate 
it has not yet 


accepted 
the data or control 
byte on the DID lines. 
Note 
that 
the 
Controller 
will 
not 
see 
NDAC 


deasserted 
(i.e., data accepted) 
until all devices have 
deasserted 
NDAC. 


DA V - 
Data 
Valid 
This 
handshake 
line 
is 
asserted 
by the Talker 
to indicate 
that 
a data 
or 


control 
byte has been placed 
on the DID lines and 


has had the minimum 
specified 
settling 
time. 
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GPIB 
INTERFACE 
FUNCTIONS 


There 
are ten (10) interface 
functions 
specified 
by 
the IEEE 488 standard. 
Not all devices will have all 


functions 
and some may only have partial 
subsets. 
The ten functions 
are summarized 
below with the 


relevant 
section 
number 
from 
the IEEE 
document 


given 
at 
the 
beginning 
of each 
paragraph. 
For 


further 
information 
please 
see the IEEE 
standard. 
I. SH - 
Source 
Handshake 
(section 
2.3) This 
function 
provides 
a device 
with the ability 
to 


properly 
transfer 
data 
from a Talker 
to one or 


more Listeners 
using the three handshake 
lines. 
2. A H - 
Acceptor 
Handshake 
(section 
2.4) This 
function 
provides 
a device 
with the ability 
to 
properly 
receive data from the Talker 
using the 


three 
handshake 
lines. The 
AH function 
may 
also 
delay 
the 
beginning 
(NRFD) 
or 
end 


(NDAC) 
of any transfer. 


3. 
T - 
Talker 
(section 
2.5) This function 
allows a 


device 
to send status 
and data 
bytes when ad- 


dressed 
to 
talk. 
An 
address 
consists 
of one 


(Primary) 
or 
two 
(Primary 
and 
Secondary) 


bytes. The latter 
is called 
an extended 
Talker. 


4. L - 
Listener 
(section 
2.6) This function 
allows 


a device to receive data when addressed 
to listen. 


There 
can be extended 
Listeners 
(analogous 
to 


extended 
Talkers 
above). 


5. SR - 
Service 
Request 
(section 
2.7) This func- 
tion 
allows 
a device 
to request 
service 
(inter- 
rupt) 
the 
Controller. 
The 
SRQ 
line 
may 
be 
asserted 
asynchronously. 


6. RL - 
Remote 
Local (section 2.8) This function 
allows 
a device 
to be operated 
in two modes: 


Remote 
via the GPIB 
or Local via the manual 


front 
panel 
controls. 


7. PP - 
Parallel 
Poll (section 
2.9) This function 
allows a device to present 
one bit of status to the 
Controller-in-charge. 
The device 
need 
not 
be 
addressed 
to talk and no handshake 
is required. 


8. DC - 
Device Clear (section 
2.10) This function 
allows a device to be cleared 
(initialized) 
by the 
Controller. 
Note 
that 
there 
is 
a 
difference 


between 
DC 
(device 
clear) 
and 
the 
IFC 
line 
(interface 
clear). 


9. DT - 
Device Trigger 
(section 
2.11) This func- 


tion allows a device to have its basic operation 
started 
either individually 
or as part of a group. 


This 
capability 
is often 
used 
to synchronize 
several 
instruments. 


10. C - 
Controller 
(section 
2. 12) This 
function 
allows 
a device 
to send 
addresses, 
as well as 


universal 
and 
addressed 
commands 
to 
other 


devices. There may be more than one controller 
on a system, 
but only one may be the controller- 


in-charge 
at anyone 
time. 


At power-on 
time the controller 
that is handwired 
to 


be 
the 
System 
Controller 
becomes 
the 
active 


controller-in-charge. 
The 
System 
Controller 
has 


several 
unique 
capabilities 
including 
the ability 
to 


send 
Interface 
Clear 
(IFC 
- 
clears 
all 
device 


interfaces 
and 
returns 
control 
to 
the 
System 


Controller) 
and 
to send 
Remote 
Enable 
(REN 
- 


allows devices to respond 
to bus data 
once they are 


addressed 
to listen). 
The 
System 
Controller 
may 


optionally 
Pass Control 
to another 
controller, 
if the 


system 
software 
has the capability 
to do so. 


GPIB 
CONNECTOR 


The GPIB 
connector 
is a standard 
24-pin industrial 
connector 
such 
as Cinch 
or Amphenol 
series 
57 


Micro-Ribbon. 
The 
IEEE 
standard 
specifies 
this 


connector, 
as well as the signal connections 
and the 


mounting 
hardware. 


The cable has 16 signal lines and 8 ground 
lines. The 


maximum 
length is 20 meters with no more than two 


meters 
per device. 
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Device A Secondary 
Address 
(if any) 
2. Universal 
Unlisten 
3. Device 
B Primary 
(Listen) 
Address 


Device 
B Secondary 
Address 
(if any) 


Device C Primary 
(Listen) 
Address 


etc. 


4. First 
Data 
Byte 


Second 
Data 
Byte 


SHIELD 
ATN 


SRO 


IFC 


NDAC 


NRFD 


DAY 


EOI 


0104 


0103 


0102 
0101 


GPIB SIGNAL 
LEVELS 


The GPIB 
signals are all TTL compatible, 
low true 


signals. 
A signal is asserted 
(true) when its electrical 


voltage 
is less than 0.5 volts and is deasserted 
(false) 


when 
it is greater 
than 
2.4 volts. 
Be careful 
not to 
become 
confused 
with the two handshake 
signals, 


NRFD 
and 
NDAC 
which 
are also 
low true 
(i.e. 
> 0.5 volts 
implies 
the 
device 
is Not 
Ready 
For 


Data). 


The Intel 8293 G PI B transceiver 
chips ensure that all 


relevant 
bus driver I receiver 
specifications 
are met. 


Detailed 
bus electrical 
specifications 
may be found 


in Section 3 of the IEEE Std 488-1978. The Standard 
is the ultimate 
reference 
for all GPIB 
questions. 


The 
GPIB 
is 
a 
very 
flexible 
communications 
medium 
and as such has many possible variations 
of 


protocols. 
To bring some order to the situation, 
this 


section will discuss a protocol 
similar to the one used 


by 
Ziatech's 
ZT80 
GPIB 
controller 
for 
Intel's 
MUL TIBUS™ computers. 
The ZT80 is a complete 
high-level 
interface 
processor 
that executes 
a set of 


high level instructions 
that map directly 
into G PI B 


actions. 
The sequences 
of commands, 
addresses 
and 


data 
for these instructions 
provide 
a good example 


of how to us'e the G PI B (additional 
information 
is 


available 
in the 
ZT80 
Instruction 
Manual). 
The 


'null' 
at the end of each instruction 
is for cosmetic 
use to remove 
previous 
information 
from the DIO 


lines. 


Last Data 
Byte (EOI) 


5. Null 


TRIG R - 
Trigger 
devices 
A, B, ... to take action 


1. Universal 
Unlisten 


2. Device A Primary 
(Listen) 
Address 


Device A Secondary 
Address 
(if any) 


Device 
B Primary 
(Listen) 
Address 


Device 
B Secondary 
Address 
(if any) 
etc. 


3. Group 
Execute 
Trigger 
4. Null 


PSCTL 
- 
Pass control 
to device A 


I. Device A Primary 
(Talk) 
Address 


Device 
A Secondary 
Address 
(if any) 
2. Take 
Control 


3. Null 


CLEA R - 
Clear 
all devices 


I. Device Clear 
2. Null 


REMA 
L - 
Remote 
Enable 


1. Assert 
REN continuously 


GO R EM - 
Put devices 
A, B, ... into Remote 


1. Assert 
R EN continuously 


2. Device A Primary 
(Listen) 
Address 


Device 
A Secondary 
Address 
(if any) 


Device 
B Primary 
(Listen) 
Address 


Device 
B Secondary 
Address 
(if any) 


etc. 


3. Null 


GOLOC 
- 
Put devices 
A. B, ... into 
Local 


I. Device A Primary 
(Listen) 
Address 


Device A Secondary 
Address 
(if any) 
Device 
B Primary 
(Listen) 
Address 


Device 
B Secondary 
Address 
(if any) 


etc. 


2. Go To Local 
3. Null 


LOCAL 
- 
Reset all devices 
to Local 


1. Stop 
asserting 
R EN 


LLKA 
L - 
Prevent 
all devices 
from 
returning 
to 


Local 
I. Local 
Lock Out 


2. Null 
SPOLL - 
Conduct 
a serial poll of devices A, B, ... 


I. Serial 
Poll Enable 
2. Universal 
Unlisten 


3. ZT 80 Primary 
(Listen) 
Address 
ZT 80 Secondary 
Address 
4. Device 
Primary 
(Talk) 
Address 
Device 
Secondary 
Address 
(if any) 


5. Status 
byte from device 


6. Go to Step 4 until all devices on list have been polled 
7. Serial 
Poll Disable 
8. 
ull 


PPUA L - 
Unconfigure 
and 
disable 
Parallel 
Poll 


response 
from 
all devices 
I. Parallel 
Poll Unconfigure 
2. Null 


ENA PP - 
Enable 
Parallel 
Poll response 
in devices 
A, B,... 
I. Universal 
Unlisten 
2. Device 
Primary 
(Listen) 
Address 
Device Secondary 
Address 
(if any) 
3. Parallel 
Poll Configure 


4. Parallel 
Poll Enable 
5. Go to Step 
2 until all devices 
on list have been 


configured. 
6. Null 


DISPP 
- 
Disable 
Parallel 
Poll response 
from de- 


vices A, B, ... 
I. Universal 
Unlisten 


2. Device 
A Primary 
(Listen) 
Address 
Device A Secondary 
Address 
(if any) 
Device 
B Primary 
(Listen) 
Address 


Device 
B Secondary 
Address 
(if any) 


etc. 
3. Disable 
Parallel 
Poll 
4. Null 


This Ap Note will detail 
how to implement 
a useful 


subset 
of these controller 
instructions. 


HARDWARE 
ASPECTS 
OF THE SYSTEM 


8291 GPIB TALKER/LISTENER 


The 8291 is a custom 
designed 
chip that implements 
many of the non-controller 
G PI B functions. 
It pro- 


vides 
hooks 
so the user's 
software 
can implement 


additional 
features 
to complete 
the set. This chip is 
discussed 
in detail 
in its data sheet. The major 
fea- 


tures are summarized 
here: 


-Designed 
to interface microprocessors 
to the GPIB 


-Complete 
Source 
and Acceptor 
Handshake 


-Complete 
Talker 
and Listener 
Functions 
with ex- 


tended 
addressing 


-Service 
Request, 
Parallel 
Poll, Device Clear, 
De- 
vice Trigger, 
Remote( 
Local functions 
-Programmable 
data 
transfer 
rate 


- 
Maskable 
interrupts 


-On-chip 
primary 
and secondary 
address 
recogni- 


tion 


-1-8 
MHz clock range 


-16 
registers 
(8 read, 
8 write) for CPU 
interface 
-DMA 
handshake 
provision 


- 
Trigger 
output 
pin 


-On-chip 
EOS (End 
of Sequence) 
recognition 


The pinouts 
and block diagram 
are shown 
in Fig. 5. 


One of eight read registers 
is for data transfer 
to the 
CPU; 
the other 
seven allow the microprocessor 
to 


monitor 
the G PI B states and various 
bus and device 


conditions. 
One of the eight write registers 
is for data 


transfer 
from 
the 
CPU; 
the 
other 
seven 
control 
various 
features 
of the 8291. 


The 
8291 
interface 
functions 
will 
be 
software 


configured 
in 
this 
application 
example 
to 
the 


following 
subsets 
for 
use 
with 
the 
8292 
as 
a 
controller 
that 
does 
not pass control. 
The 8291 is 


used only to provide the handshake 
logic and to send 


and receive data 
bytes. 
It is not acting 
as a normal 


device 
in this mode, 
as it never sees ATN asserted. 


SH I 
Source 
Handshake 


A H I 
Acceptor 
Handshake 


T3 
Basic Talk-only 


L I 
Basic Listen-only 


SRO 
No Service 
Requests 


RLO 
No Remote(Local 
PPO 
No Parallel 
Poll response 


DCO 
No Device Clear 
DTO 
No Device Trigger 


If control 
is passed 
to another 
controller, 
the 8291 


must be reconfigured 
to act as a talker (listener 
with 


the following 
subsets: 


SH I 
Source 
Handshake 


AH I 
Acceptor 
Handshake 


T5 
Basic Talker 
and Serial 
Poll 
L3 
Basic Listener 
SR 1 
Service 
Requests 


RLI 
Remote( 
Local with 
Lockout 
PP2 
Preconfigured 
Parallel 
Poll 
DC I 
Device Clear 
DTI 
Device Trigger 
CO 
Not a Controller 


Most applications 
do not pass control 
and the con- 


troller 
is always 
the 
system 
controller 
(see 8292 


commands 
below). 


8292 GPIB CONTROLLER 


The 
8292 is a preprogrammed 
Intel® 8041 A that 


provides 
the 
additional 
functions 
necessary 
to 


TIR' 
VCC 


TIR2 
EOi 


CLOCK 
NOAC 


RESET 
• 
NRFO 


TRIG 
OAV 


OREa 
0i0i 


OACK 
0107 
~ 
l5l156 
iiD 
0105 


Wl\ 
0104 


.NT 
i5i'Qj 


00 
i5iOi 


0' 
0101 


02 
SRQ 


03 
ATN 


04 
m 


05 
iFC 


06 
RS2 


07 
RS' 


Vss 
RSO 


INTERFACE 


FUNCTIONS 


SH 
AH 
TE 
LE 
SR 
RL 
pp 


DC 
OT 


I 
I 
I 
fIR CONTROL 


implement 
a G PI B controller 
when 
used with an 


8291 Talker/Listener. 
The 8041 A is documented 
in 


both 
a user's 
manual 
and in AP-41. 
The following 


description 
will serve only as an outline 
to guide the 
later discussion. 


The 8292 acts as an intelligent 
slave processor 
to the 


main system CPU. 
It contains 
a processor, 
memory, 
I/O and is programmed 
to perform 
a variety of tasks 


associated 
with G PI B controller 
operation. 
The on- 


chip 
RAM 
is used to store 
information 
about 
the 


state of the Controller 
function, 
as well as a variety 
of local variables, 
the stack and certain 
user status 


information. 
The timer/counter 
may be optionally 
used for several 
time-out 
functions 
or for counting 


data 
bytes transferred. 
The 
I/O 
ports 
provide 
the 


GPIB 
control 
signals, 
as well as the ancillary 
lines 


necessary 
to make 
the 8291, 2, 3 work together. 


The 
8292 
is closely 
coupled 
to 
the 
main 
CPU 
through 
three 
on-chip 
registers 
that 
may 
be 


independently 
accessed 
by both the master 
and the 


8292 
(U PI-41 A). 
Figure 
6 
shows 
this 
Register 


Interface. 
Also refer to Figure 
12. 


The status 
register 
is used to pass Interrupt 
Status 


information 
to the master 
CPU (AO = I on a read). 


The OBBOUT 
register 
is used to pass one of five 


other 
status 
words 
to the master 
based 
on the last 


command 
written into OBBIN. 
OBBOUT 
is accessed 


when AO = 0 on a Read. 
The five status 
words are 


Error 
Flag, 
Controller 
Status, 
G PI B Status, 
Event 


Counter 
Status 
or Time Out Status. 


OBBIN 
receives 
either 
commands 
(AO = 
I on a 


Write) or command 
related 
data (AO = 0 on a write) 


from 
the master. 
These command 
related 
data 
are 


Interrupt 
Mask, 
Error 
Mask, 
Event 
Counter 
or 


Time Out. 


CS 
AO 
RO 
WR 
REGISTER 


0 
0 
0 
1 
READ 
DBBOUT 
0 
, 
0 
1 
READ 
STATUS 
0 
0 
1 
0 
WRITE 
OBBIN 
(DATA) 
0 
, 
, 
0 
WRITE 
OBBIN 
(COMMAND) 
, 
X 
X 
X 
NO ACTION 


8293 GPIB TRANSCEIVERS 


The 8293 is a multi-use 
HMOS 
chip that implements 


the 
IEEE 
488 
bus 
transceivers 
and 
contains 
the 


additional 
logic required 
to make the 8291 and 8292 


work 
together. 
The two option 
strapping 
pins are 


used to internally 
configure 
the chip to perform 
the 


specialized 
gating 
required 
for use with 
8291 as a 


device or with 8291/92 
as a controller. 


In this application 
example 
the two configurations 


used are shown in Fig. 7a and 7b. The drivers are set 
to open collector 
or three state mode as required 
and 


the special 
logic is enabled 
as required 
in the two 


modes. 


8291/2/3 CHIP SET 


Figure 
8 shows the four chips interconnected 
with 


the special 
logic explicitly 
shown. 


The 
8291 
acts 
only 
as 
the 
mechanism 
to 
put 


commands 
and addresses 
on the bus while the 8292 


is asserting 
ATN. The 829 I is tricked 
into believing 


that 
the 
ATN 
line 
is not 
asserted 
by the 
ATN2 


output 
of the ATN transceiver 
and is placed in Talk- 


only mode by the CPU. The 8291 then acts as though 
it is sending 
data, 
when 
in reality 
it is sending 


addresses 
and( or 
commands. 
When 
the 
8292 


deasserts 
ATN, 
the CPU 
software 
must 
place 
the 


8291 in Talk-only, 
Listen-only 
or Idle based on the 


implicit 
knowledge 
of how the controller 
is going to 


participate 
in the data transfer. 
In other 
words, 
the 


8291 
does 
not 
respond 
directly 
to 
addresses 
or 


commands 
that it sends on the bus on behalf 
of the 


Controller. 
The user software, 
through 
the use of 


Listen-only 
or Talk-only, 
makes the 8291 behave as 


though 
it were addressed. 


Although 
it is not a common 
occurrence, 
the GPIB 


specification 
allows 
the Controller 
to set up a data 


transfer 
between 
two 
devices 
and 
not 
directly 


participate 
in the 
exchange. 
The 
controller 
must 


know 
when 
to go active again 
and 
regain 
control. 


The chip set accomplishes 
this through 
'use of the 


"Continuous 
Acceptor 
Handshake 
cyCling mode" 


and the ability to detect EOI or EOS at the end of the 
transfer. 
See XFER 
in the Software 
Driver 
Outline 


below. 


If 
the 
8292 
is 
not 
the 
System 
Controller 
as 


determined 
by the signal on its SYC pin, then it must 


be able to respond 
to an IFC within '100 usec. This is 


accomplished 
by the cross-coupled 
NORs 
in Fig. 7a 


which 
deassert 
the 8293's 
internal 
version 
of ere 


(Not Controller-in-Charge). 
This condition 
is latched 


until 
the' 8292's 
firmware 
has 
received 
the 
IFCL 


(interface 
dear 
received 
latch) 
signal by testing 
the 


IFCL 
input. The firmware 
then sets its signals to re- 


flect the i!1active condition 
and clears the 8293's latch. 


In order 
for the 8292 to conduct 
a Parallel 
Poll the 


8291 must be able to capture 
the PP response 
on the 


DIO lines. The only way to do this is to fool the 8291 
by putting 
it into Listen-only 
mode and generating 
a 


DA V condition. 
However, 
the 
bus spec does 
not 


allow 
a DA V during 
Parallel 
Poll, so the back-to- 
back 3-state 
buffers (see Fig. 7b) in the 8293 isolate 


the bus and allow the 8292 to generate 
a local DA V 


for this purpose. 
Note that the 8291 cannot 
assert a 


Parallel 
Poll 
response. 
When 
the 8292 is not 
the 


controller-in-charge 
the 8291 may respond 
to PPs 


and the 8293 guarantees 
that the DIO drivers are in 


"open 
collector" 
mode 
through 
the OR gate (Fig. 


7b), 
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ZT7488/18 
GPIB 
CONTROLLER 


Ziatech's 
GPIB 
Controller, 
the ZT7488/ 
18 will be 


used as the controller 
hardware 
in this Application 


Note. 
The controller 
consists 
of an 8291, 8292, an 8 


bit 
input 
port 
and 
TTL 
logic 
equivalent 
to that 


shown 
in Figure 
8. Figure 
9 shows the card's 
block 


diagram. 
The ZT7488/ 
18 plugs into the STD bus, a 


56 pin 8 bit microprocessor 
oriented 
bus. An 8085 


CPU card is also available 
on the STD bus and will 


be used to execute 
the driver 
software. 


The 8291 uses I/O 
Ports 
60H to 67H and the 8292 


uses I/O Ports 68H and 69H. The five interrupt 
lines 


are connected 
to a three-state 
buffer 
at I/O 
Port 


6FH to facilitate 
polling operation. 
This is required 


for the TCI, 
as it cannot 
be read internally 
in the 


8292. The other 
three 
8292 lines (SPI, 
IBF, OBF) 


and 
the 
8291's 
INT 
line 
are 
also 
connected 
to 


minimize 
the number 
of I/O reads necessary 
to poll 


the devices. 


NDAC 
is connected 
to COUNT 
on the 8292 to allow 


byte counting 
on data transfers. 
The example 
driver 


software 
will not use this feature, 
as the software 
is 


simpler 
and faster if an internal 
8085 register 
is used 


for counting 
in software. 
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The 
application 
example 
will 
not 
use 
OMA 
or 


interrupts; 
however, 
the Figure 
II block 
diagram 


includes 
these features 
for completeness_ 


The 8257-5 OMA 
chip can be used to transfer 
data 
between 
the 
RAM 
and 
the 8291 Talker/Listener. 


This 
mode 
allows 
a faster 
data 
rate 
on the GPIB 


and typically 
will depend 
on the 8291's EOS or EO 1 


detection 
to 
terminate 
the 
transfer. 
The 
8259-5 


interrupt 
controller 
is used to vector the five possible 


interrupts 
for rapid software 
handling 
ofthe various 


conditions. 


This section 
discusses 
each command 
in detail and 


relates 
them 
to a particular 
GPIB 
activity. 
Recall 


that although 
the 8041 A has only two read registers 


and one write register, 
through 
the magic of on-chip 


firmware 
the 8292 appears 
to have six read registers 


and five write registers. 
These are listed in Figure 
12. 


Please see the 8292 data sheet for detailed 
definitions 


of each register. 
Note the two letter mnemonics 
to be 


used in later discussions. 
The CPU 
must not write 


into the 8292 while IBF (Input 
Buffer Full) is a one, 


as information 
will be lost. 


DIRECT COMMANDS 


Both the Interrupt 
Mask (1M) and the Error 
Mask 
(EM) register 
may be directly 
written 
with the LSB 
of the address 
bus (AO) a "0". The firmware 
uses the 


MSB of the data written to differentiate 
between 
1M 


and 
EM. 


Load 
Interrupt 
Mask 


This 
command 
loads 
the 
Interrupt 
Mask 
with 


07-DO. 
Note 
that 
07 
must 
be a "I" 
and 
that 


interrupts 
are enabled 
by a corresponding" 
I" bit in 


this register. 
IFC 
interrupt 
cannot 
be masked 
off; 


however, 
when 
the 8292 is the System 
Controller, 


sending an ABORT 
command 
will not cause an IFC 


interrupt. 


Load Error Mask 


This command 
loads the Error 
Mask with D7 - DO. 
Note that 
D7 must be a zero and that interrupts 
are 


enabled 
by a corresponding 
"I" 
bit in this register. 


UTILITY COMMANDS 


These commands 
are used to read or write the 8292 
registers 
that 
are not directly 
accessible. 
All utility 
commands 
are written with AO = I, D7 = D6 = D5 = I, 


D4 = O. D3-DO 
specify the particular 
command. 
For 
writing 
into registers 
the general 
sequence 
is: 


I. wait for IBF = 0 in Interrupt 
Status 
Register 


2. write the appropriate 
command 
to the 8292, 
3. write the desired 
register 
value to the 8292 with 


AO = I with no other 
writes 
intervening, 
4. wait 
for 
indication 
of completion 
from 
8292 


(IBF = 0). 


For reading 
a register 
the general 
sequence 
is: 


I. wait for IBF = 0 in Interrupt 
Status 
Register 


2. write the appropriate 
command 
to the 8292 


3. wait for a TCI (Task 
Complete 
Interrupt) 


4. Read the value of the accessed 
register 
from the 


8292 with AO = O. 


WEVC - 
Write to Event 
Counter 


(Command 
= OE2H) 


The 
byte 
written 
following 
this command 
will be 


loaded 
into 
the 
event 
counter 
register 
and 
event 


counter 
status 
for 
byte 
counting. 
The 
internal 


counter 
is incremented 
on a high to low transition 
of 


the COUNT 
(TI) input. 
In this application 
example 


NDAc.is 
connected 
to count. The counter 
is an 8 bit 


register 
and 
therefore 
can 
count 
up to 256 bytes 


(writing 0 to the EC implies a count of256). 
If longer 


blocks 
are desired, 
the main 
CPU 
must handle 
the 


interrupts 
every 256 counts and carefully 
observe the 


timing 
constraints. 


Because the counter 
has a frequency 
range from 0 to 


133 kHz 
when 
using a 6 MHz crystal, 
this feature 


may not be usable with all devices on the GPIB. The 
8291 can easily transfer 
data at rates up to 250 kHz 


and 
even 
faster 
with 
some 
tuning 
of the system. 


There 
is 
also 
a 
500 
ns 
minimum 
high 
time 


requirement 
for COUNT 
which can potentially 
be 
violated 
by 
the 
8291 
in 
continuous 
acceptor 


handshake 
mode 
(i.e., TNDDVI 
+ TDVND2-C 
= 


350 + 350 = 700 max). 
When cable delays are taken 


into consideration, 
this problem 
will probably 
never. 


occur. 


When 
the 8292 has completed 
the command, 
IBF 
will become 
a "0" 
and 
will cause 
an interrupt 
if 


masked 
on. 


WTOUT 
- 
Write 
to Time Out 
Register 


(Command 
= OE IH) 


The 
byte 
written 
following 
this command 
will be 


used to' determine 
the number 
of increments 
used for 


the time out functions. 
Because the register 
is 8 bits, 


the maximum 
time out is 256 time increments. 
This 


I..J t' 11:$ Out 
IS not enougn 
tor 
a manually 
stepped 


operation 
using a G PIB logic analyzer 
like Ziatech's 
ZT488. 
Also, the 488 Standard 
does not set a lower 


limit 
on how 
long 
a device 
may take 
to do each 


action. 
Therefore, 
any use of a time out must be able 


to be overridden 
(this is a good general 
design 
rule 


for service and debugging 
considerations). 


The time out function 
is implemented 
in the 8292's 
firmware 
and 
will not 
be an accurate 
time. 
The 


counter 
counts 
backwards 
to zero from 
its initial 


value. 
The function 
may be enabled! 
disabled 
by a 
bit in the Error mask register. 
When the command 
is 


complete 
IBF will be set to a "0" and will cause an 


interrupt 
if masked 
on. 


REVC 
- 
Read 
Event 
Counter 
Status 


(Command 
= OE3H) 


This 
command 
transfers 
the content 
of the Event 


Counter 
to the 
OBBOUT 
register. 
The 
firmware 


then 
sets 
TCI 
= 
I and 
will cause 
an interrupt 
if 
masked 
on. The CPU may then read the value from 
the 8292 with AO = O. 


Rf N M - 
Read 
Interrupt 
Mask 
Register 


(Command 
= OE5H) 


This command 
transfers 
the content 
of the Interrupt 


Mask 
register 
to 
the 
OBBOUT 
register. 
The 


firmware 
sets TCI = I and will cause an interrupt 
if 
masked 
on. The CPU 
may then read the value. 


RERM 
- 
Read 
Error 
Mask 
Register 


(Command 
= OEAH) 


This 
command 
transfers 
the content 
of the Error 


Mask 
register 
to 
the 
OBBOUT 
register. 
The 


firmware 
sets TCI = I and will cause an interrupt 
if 
masked 
on. The CPU 
may then read the value. 


RCST 
- 
Read 
Controller 
Status 
Register 


(Command 
= OE6H) 


This 
command 
transfers 
the content 
of the Con- 


troller 
Status 
register to the OBBOUT 
register. 
The 


firmware 
sets TCI 
= I and will cause an interrupt 
if 


masked 
on. The CPU 
may then read the value. 


RTOUT 
- 
Read Time Out Status 
Register 


(Command 
= OE9H) 


This command 
transfers 
the content 
of the Time Out 


Status 
register 
to 
the 
OBBOUT 
register. 
The 
firmware 
sets TCI = I and will cause an interrupt 
if 
masked 
on. The CPU 
may then read the value. 


If this register 
is read while a time-out 
function 
is in 
process, 
the value will be the time remaining 
before 


time-out 
occurs. 
If it is read after a time-out, 
it will 
be zero. If it is read when no time-out 
is in process, 
it 


will be the 
last value 
reached 
when 
the previous 


timing 
occurred. 


lLommand 
= Ul:./H) 


This 
command 
causes 
the 
firmware 
to 
read 
the 


GPIB management 
lines, OA Vand the SYC pin and 
place a copy in OBBOUT. 
TCI is set to "I" and will 


cause an interrupt 
if masked 
on. The CPU may read 
the value. 


RERF 
- 
Read 
Error 
Flag 
Register 


(Command 
= OE4H) 


This 
command 
transfers 
the content 
of the Error 


Flag register to the 0 BBO UT register. 
The firmware 


sets TCI = I and will cause an interrupt 
if masked 
on. 


The CPU 
may then read the value. 


This register 
is also placed in OBBOUT 
by an lACK 


command 
if ERR 
remains 
set. TCI is set to "I" in 


this case also. 


fA CK - 
Interrupt 
Acknowledge 


(Command 
= Al 
A2 A3 A4 I A5 I I) 


This command 
is used to acknowledge 
any combina- 
tions 
of the 
five 
SPI 
interrupts 
(AI-A5): 
SYC, 


ERR, 
SRQ, 
EV, and 
IFCR. 
Each bit AI-A5 
is an 


individual 
acnowledgement 
to the corresponding 
bit 


in 
the 
Interrupt 
Status 
Register. 
The 
command 


clears S PI but it will be set again if all of the pending 
interrupts 
were not acknowledged. 


If A2 (ERR) 
is "I", the Error 
Flag register is placed 


in OBBOUT 
and TCI is set. The CPU may then read 
the Error 
Flag without 
issuing an RERF 
command. 


OPERA nON 
COMMANDS 


The following 
diagram 
(Fig. 
13) is an attempt 
to 


show the interrelationships 
among 
the various 
8292 


Operation 
Commands. 
It is not meant to replace the 


complete 
controller 
state 
diagram 
in 
the 
IEEE 


Standard. 


RST 
- 
Reset (Command 
= OF2H) 


This command 
has the same effect as an external 


reset applied 
to the chip's pin #4. The 8292's actions 


are: 


I. All outputs 
go to their electrical 
high state. This 


means that SPI, TCI, OBFI, 
IBFI, CL TH will be 


TRUE 
and all other GPIB signals will be FALSE. 


2. The 8292's firmware 
will cause 
the above 
men- 
tioned 
five signals 
to go FA LS E after 
approxi- 
mately 
17.5 usec. (at 6 MHz). 
3. These registers 
will be cleared: 
Interrupt 
Status, 


Interrupt 
Mask, 
Error 
Mask, 
Time 
Out, 
Event 


Counter, 
Error 
Flag. 


4. If the 
8292 is the 
System 
Controller 
(SYC 
is 


TRUE), 
then IFC will be sent TRUEfor 
approxi- 
mately 
100 usec and the Controller 
function 
will 


end up in charge 
of the bus. If the 8292 is not the 
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System 
Controller 
then it will end up in an Idle 


state. 
5. TCI will not be set. 


RSTI 
- 
Reset 
Interrupts 
(Command 
= OF3) 


This 
command 
clears 
all pending 
interrupts 
and 


error 
flags. The 8292 will stop waiting for actions 
to 


occur 
(e.g., 
waiting 
for 
ATN 
to go FALSE 
in a 
TCNTR 
command 
or 
waiting 
for 
the 
proper 


handshake 
state in a TCSY command). 
TCI will not 


be set. 


ABORT 
- 
Abort all operations 
and Clear Interface 
(Command 
= OF9H) 


If 
the 
8292 
is 
not 
the 
System 
Controller 
this 


command 
acts 
like 
a 
NOP 
and 
flags 
a 
USER 


ERROR 
in the Error 
Flag 
Register. 
No TCI 
will 


occur. 


If the 8292 is the System 
Controller 
then IFC is set 


TRUE 
for 
approximately 
100 J.lsec and 
the 8292 


becomes 
the Controller-in-Charge 
and asserts ATN. 
TCI will be set, only if the 8292 was NOT the CIC. 


STCNf - 
Start 
Counter 
Interrupts 
(Command 
= OFEH) 


Enables 
the EV Counter 
Interrupt. 
TCI will not be 


set. Note that the counter must be enabled by a GSEC 
command. 


SPCNf - 
Stop 
Counter 
Interrupts 
(Command 
= OFOH) 


The 8292 will not generate 
an EV interrupt 
when the 
counter 
reaches 
O. Note 
that 
the 
counter 
will 


continue 
counting. 
TCI will not be set. 


SREM - 
Set Interface 
to Remote 
Control 


(Command 
= OF8H) 


If the 8292 is the System 
Controller, 
it will set REN 


and 
TCI 
TR UE. Otherwise 
it only 
sets the 
User 


Error 
Flag. 


SLOC 
- 
Set Interface 
to Local 
Mode 
(Command 
= OF7H) 


If the 8292 is the System 
Controller, 
it will set REN 


FALSE 
and TCI TR UE. Otherwise, 
it only sets the 
User Error 
Flag. 


EX PP - 
Execute 
Parallel 
Poll 
(Command 
= OF5H) 


If not Controller-in-Charge, 
the 8292 will treat 
this 


as a NOP and does not set TCI. If it is the Control- 
ler-in-Charge 
then it sets IDY (EO! & ATN) TRUE 
and generates 
a local DA V pulse (that never reaches 


the G PIB because 
of gates in the 8293). If the 8291 is 


configured 
as a listener, 
it will capture 
the Parallel 


Poll Response 
byte in its data 
register. 
TCI is not 
generated, 
the CPU 
must 
detect 
the 
BI (Byte 
In) 


from 
the 
8291. The 
8292 will be ready 
to accept 
another 
command 
before 
the BI occurs; 
therefore 


the 8291's BI serves as a task complete 
indication. 


GTSB - 
Go To Standby 
(Command 
= OF6H) 


If the 8292 is not the Controller-in-Charge, 
it will 


treat this command 
as a NOP and does not set TCI 


TR UE. Otherwise, 
it goes 
to Controller 
Standby 


State 
(CSBS), 
sets ATN 
FALSE 
and TCI TRUE. 


This command 
is used as part of the Send, 
Receive, 


Transfer 
and 
Serial 
Poll 
System 
commands 
(see 


next section) 
to allow the addressed 
talker 
to send 


data! status. 


If the data transfer 
does not start within the specified 


Time-Out, 
the 8292 sets TOUT2 
TRUE 
in the Error 
Flag 
Register 
and 
sets 
SPI 
(if 
enabled). 
The 
controller 
continues 
waiting 
for a new command. 


The CPU 
must 
decide 
to wait longer 
or to regain 
control 
and take corrective 
action. 


GSEC - 
Go to Standby 
and 
Enable 
Counting 


(Command 
= OF4H) 


This command 
does the same things 
as GTSB 
but 
also 
initializes 
the event 
counter 
to the value 
pre- 
viously stored in the Event Counter 
Register (default 
value is 256) and enables 
the counter. 
One may wire 


the count 
input to NDAC 
to count bytes. When the 
counter 
reaches zero, it sets EV (and SPI if enabled) 


in Interrupt 
Status 
and will set EV every 256 bytes 


thereafter. 
Note 
that 
there 
is a potential 
loss 
of 
count 
information 
if the CPU 
does not respond 
to 


the 
EV! SPI 
before 
another 
256 bytes 
have 
been 


transferred. 
TCI 
will 
be 
set 
at 
the 
end 
of 
the 


command. 


TCSY 
- 
Take 
Control 
Synchronously 


(Command 
= OFDH) 


If the 8292 is not in Standby, 
it treats this command 


as a NOP and does not set TCI. Otherwise, 
it waits 


for 
the 
proper 
handshake 
state 
and 
sets 
ATN 
TRUE. 
The 8292 will set TOUT3 
if the handshake 


never 
assumes 
the correct 
state and will remain 
in 


this command 
until 
the handshake 
is proper 
or a 
RSTI 
command 
is issued. 
If the 8292 successfully 
takes control, 
it sets TCI TR UE. 


This is the normal 
way to regain control 
at the end of 


a Send, 
Receive, 
Transfer 
or Serial 
Poll 
System 


Command. 
If TCSY 
is not 
successful, 
then 
the 


controller 
must 
try TCAS 
(see warning 
below).· 


TeAS - 
Take 
Control 
Asynchronously 


(Command 
= OFCH) 


If the 8292 is not in Standby, 
it treats this command 


as a 
OP 
and 
does 
not 
set 
TCI. 
Otherwise, 
it 


arbitrarily 
sets ATN TRUE 
and TCI TRUE. 
Note 
that this action 
may cause devices on the bus to lose 


a data byte or cause them to interpret 
a data byte as a 


command 
byte. Both Actions 
can result in anoma- 


lous 
behavior. 
TCAS 
should 
be 
used 
only 
in 


emergencies. 
If 
TCAS 
fails, 
then 
the 
System 


Controller 
will have to issue an ABORT 
to clean 


things 
up. 


GIDL 
- 
Go to Idle (Command 
= OFIH) 


If the 
8292 
is not 
the 
Controller 
in Charge 
and 


Active, 
then it treats 
this command 
as a NOP and 


does 
not set TCI. 
Otherwise, 
it sets ATN 
FALSE, 


becomes 
Not 
Controller 
in Charge, 
and 
sets TCI 


TR UE. This command 
is used as part 
of the Pass 


Control 
System 
Command. 


TCNTR - 
Take 
(Receive) 
Control 


(Command 
= OFAH) 


If the 8292 is not Idle, then it treats this command 
as 


a NOP and does not set TCI. Otherwise, 
it waits for 


the 
current 
Controller-in-Charge 
to 
set 
ATN 


FALSE. 
If this does not occur within 
the specified, 


Time Out, the 8292 sets TOUTI 
in the Error 
Flag 


Register 
and sets SPI (if enabled). 
it will not proceed 


until 
ATN 
goes 
false 
or 
it 
receives 
an 
RSTI 


command. 
Note that the Controller 
in Charge 
must 
previously 
have sent this controller 
(via the 8291's 


command 
pass 
through 
register) 
a Pass 
Control 


message. 
When 
ATN 
goes 
FALSE, 
the 8292 sets 


CIC, 
ATN and TCI TRUE 
and becomes 
Active. 


The 
set of system 
commands 
discussed 
below 
is 


shown 
in Figure 
14. These 
commands 
are imple- 


mented 
in software 
routines 
executed 
by the main 


CPU. 


The following 
section assumes 
that the Controller 
is 


the System 
Controller 
and 
will not 
Pass Control. 


This 
is 
a 
valid 
assumption 
for 
99+% 
of 
all 


controllers. 
It 
also 
assumes 
that 
no 
DMA 
or 


Interrupts 
will be used. SYC (System 
Control 
Input) 


should 
not be changed 
after Power-on 
in any system 


- 
it adds 
unnecessary 
complexity 
to the 
CPU's 
software. 


In order to use polling with the 8292 one must enable 
TCI but not connect 
the pin to the CPU's 
interrupt 
pin. Tel 
must be readable 
by some means. 
In this 


application 
example 
it is connected 
to bit I port 6FH 
on the ZT7488/18. 
In addition, 
the other three 8292 
interrupt 
lines and the 8291 interrupt 
are also on that 


port (SPI-Bit 
2, IBFI-Bit 
4, OBFI-Bit 
3, 8291 INT- 
Bit 0). 


These 
drivers 
assume 
that 
only 
primary 
addresses 
will 
be 
used 
on 
the 
GPIB. 
To 
use 
secondary 


addresses, 
one 
must 
modify 
the 
test 
for 
valid 
talkflisten 
addresses 
(range 
macro) 
to 
include 


secondaries. 


Talker/Listener 


SEND 
RECV 
XFER 


SEND DATA 
RECEIVE DATA 
TRANSFER DATA 


Controller 


TRIG 
DCLR 
SPOL 
PPEN 
PPDS 
PPUN 
PPOL 
PCTL 
RCTL 
SRQD 


GROUP EXECUTE TRIGGER 
DEVICE CLEAR 
SERIAL POLL 
PARALLEL POLL ENABLE 
PARALLEL POLL DISABLE 
PARALLEL POLL UNCONFIGURE 
PARALLEL POLL 
PASS CONTROL 
RECEIVE CONTROL 
SERVICE REQUESTED 


System Controller 


REME 
LOCL 
IFCL 


REMOTE ENABLE 
LOCAL 
ABORT/INTERFACE 
CLEAR 


INITIALIZA 
TlON 


8292 - 
Comes 
up in Controller 
Active State when 
SYC is TRUE. 
The only initialization 
needed 
is to 
enable 
the 
TCI 
interrupt 
mask. 
This 
is done 
by 


writing 
OAOH to Port 68H. 


829/ - 
Disable 
both the major and minor addresses 
because 
the 
8291 will never 
see the 
8292's 
com- 
mands/ 
addresses 
(refer to earlier 
hardware 
discus- 


sion). 
This 
is done 
by writing 
60H and 
OEOH to 
Port 
66H. 


Set Address 
Mode 
to Talk-only 
by writing 
80H to 


Port 64H. 


Set internal 
counter 
to 3 MHz 
to match 
the clock 


input coming 
from the 8085 by writing 23H to Port 


65H. 
High speed mode for the handshakes 
will not 


be used here even though 
the hardware 
uses three- 


state drivers. 


No interrupts 
will be enabled 
now. Each routine 
will 


enable the ones it needs for ease of polling operation. 
The INT bit may be read through 
Port 6FH. 
Clear 


both 
interrupt 
mask 
registers. 


Release 
the chip's initialization 
state by writing 
0 to 


Port 
65H. 


INIT: 


Ena ble-8292 
Enable 
TCI 


Enable-829I 


Disable 
major 
address 


Disable 
minor 
address 
ton 
Clock 
frequency 
All interrupts 
off 
Immediate 
execute 
pon 


;Set up Int. pins for Port 
6FH 


;Task complete 
must be on 


;In controller 
usage, 
the 8291 


;Is set to talk only and/ or listen only 
;Talk 
only is our rest state 


;3 MHz 
in this ap note example 


TALKER/LISTENER 
ROUTINES 


Send Data 


SEND<listener 
list pointer> 
<count> 
<EOS> 
<data 
buffer 
pointer> 


This system command 
sends data from the CPU to 
always 
sends 
Universal 
Unlisten. 
If it is desired 
to 
one or more devices. 
The data 
is usually 
a string of 
send data to the listeners 
previously 
addressed, 
one 
ASCII 
characters, 
but may be binary or other forms 
could add a check for a null list and not send UNL. 


as well. The data 
is device-specific. 
Count 
must 
be 255 or less due to an 8 bit register. 


My Talk Address 
(MT A) must be output 
to satisfy 
This .routine 
also ~Iways uses an. EOS chara~ter 
to 
the G PI B requirement 
of only one talker 
at a time 
te:mmate 
the 
stnng 
output; 
thIS coul~ 
easily 
be 
(any other talker will stop when MT A goes out). The 
elIminate? 
and rely o.n the cou.nt. Items In brackets 
MT A is not needed as far as the 8291 is concerned 
_ 
( ) are. optIonal 
a.nd WIll not be Included 
In the actual 
it will be put into talk-only 
mode (ton). 
code In AppendIx 
A. 


This routine 
assumes 
a non-null 
listener list in that it 


SEND: 
Output-to-8291 
MTA, 
UNL 


Put EOS into 8291 
While 20H :s listener 
:s 3EH 


output-to-8291 
listener 
Increment 
listen list pointer 


Output-to-8292 
GTSB 


Enable-829l 


Output 
EOI on EOS sent 
If count 
< 
> 0 then 


While not (end or count 
= 0) 
(could 
check tout 
2 here) 


Output-to-829I 
data 


Increment 
data 
buffer 
pointer 
Decrement 
count 
Output-to-8292 
TCSY 
(If tout3 
then take control 
async) 
Enable 
8291 


No output 
EOI on EOS sent 
Return 


;We will talk, 
nobody 
listen 


;End of string 
compare 
character 
;G PIB listen addresses 
are 
;"space" 
thru " >" ASCII 


;Address 
all listeners 
;8292 stops asserting 
ATN, go to stand by 


;Wait 
for EOS or end of count 


;Optionally 
check for stuck 
bus-tout 
2 
;Output 
all data, 
one byte at a time 
;8085 CREG 
will count 
for us 


;8292 asserts 
ATN, take control 
sync. 


;If unable 
to take control 
sync. 
;Restore 
829\ 
to standard 
condition 


~ 
I 
HOH 
I 
. 
RECV 5 
c::J 


Receive 
Data 


RECV < talker> 
< count>' 
< EOS> 
<data 
buffer 
pointer> 


This system 
command 
is used to input data from 'a 
device. 
The 
data 
is typically 
a string 
of ASCII 


characters, 


This routine 
is the dual of SEND. 
It assumes 
a new 
talker 
will be ~pecified, a count of less than 257, and 


an 
EOS 
character 
to 
terminate 
the 
input. 
EOI 


received 
will also 
terminate 
the 
input.- Figure 
15 


shows 
the 
flow 
chart 
for 
the 
RECV 
ending 


conditions. 
My Listen 
Address 
(MLA) 
is sent 
to 


keep 
the 
G PIB 
transactions 
totally 
regular 
to 


facilitate 
analysis 
by a G PIB logic analyzer 
like the 


Ziatech 
ZT488. 
Otherwise, 
the bus would appear 
to 


have 
no 
listener 
even 
though 
the 
8291 
will 
be 


listening. 


Note that although 
the count 
may go to zero before 


the transmission 
ends, 
the talker 
will probably 
be 


left in a strange 
state and may have to be cleared 
by 


the 
controller. 
The, 
count 
ending 
of 
RECV 
is 


therefore 
used 
as 
an 
error 
condition 
in 
most 


situations. 


Put EOS into 8291 
If 40H 
:S talker 
:S 5EH then 


Output-to-829I 
talker 


Increment 
talker 
pointer 
Output-to-8291 
UNL, 
MLA 
Enable-829I 


Holdoff 
on end 
End on EOS received 
lon, reset ton 
Immediate 
execute 
pon 
Output-to-8292 
GTSB 
While not (end or count 
= 0 (or tout2)) 


Input-fiom-8291 
data 


Increment 
data 
buffer 
point,er 
Decrement 
count 
' 


(If count 
= 0 then error) 
Output-to-8292 
TCSY 
(If Tout3 
then take cont~ol 
async.) 
Enable-8291 
No holdoff 
on end' 


No end on EOS received 
ton, 
reset Ion 
Finish 
handshake 


Immediate 
execute 
pan 


Return 
error-indicator 


;End of string 
compare 
character 
;GPIB 
talk addresses 
are 


;"@" thru 
"A" ASCII 


;00 this for consistency's 
sake 
;Everyone 
except 
us stop listening 


;Stop 
when 
EOS character 
is 
;Detected 
by 8291 


;Listen 
only (no talk) 


;8292 stops asserting 
ATN, 
go to standby 


;wait for EOS or EOI or end of count 
;optionally 
check 
for stuck 
bus-tout2 


;input 
data, 
one byte at a time 


;Use 8085 C register 
as counter 
;Count 
should 
not occur 
before 
end 
;8292 asserts 
ATN take contr~1 


;If unable 
to take control 
sync. 
;Put 
8291 back as needed 
for 
;Controller 
activity 
and 


;Clear 
holdoff 
due to end' 


;Complete 
hold off due to end, if any 
;Needed 
to reset Ion 


This system command 
is used to transfer 
data from a 
talker 
to one or more listeners 
where the controller 
does 
not 
participate 
in the transfer 
of the ASCII 
data. 
This 
is accomplished 
through 
the use of the 


8291 's continuous 
acceptor 
handshake 
mode while 


in listen-only. 


This routine 
assumes 
a device list that has the ASCI I 


talker address 
as the first byte and the string (one or 


more) 
of ASCII 
listener 
addresses 
following. 
The 


EOS character 
or an EO I will cause the controller 
to 


take 
control 
synchronously 
and thereby 
terminate 


the transfer. 


XFER: 
Output-to-829I 
: Talker, 
UNL 
While 20H 
:::; listen:::; 
3EH 
Output-to-829I 
: Listener 
Increment 
listen list pointer 
Ena ble-829I 
lon, no ton 
Continuous 
AH mode 
End on EOS received 
Immediate 
execute 
PON 
Put EOS into 8291 
Output-to-8292: 
OTSB 


Upon 
end (or tout2) 
then 
Take 
control 
synchronously 
Enable-829I 
Finish 
handshake 
Not continuous 
AH mode 


Not END 
on EOS received 
ton 
Immediate 
execute 
pon 
Return 


;Controller 
is pseudo 
listener 


;Handshake 
but don't 
capture 
data 


;Capture 
EOS as well as EOI 
;Initialize 
the 8291 
;Set up EOS character 
;00 to standby 
;8292 waits for EOS or EOI and then 


;Regains 
control 


;00 to Ready 
for Data 


CONTROLLER 


Group Execute 
Trigger 


TRIG 
< Listener 
list> 


This 
system 
command 
causes 
a 
group 
execute 


trigger (0 ET) to be sent to all devices on the listener 
list. The intended 
use is to synchronize 
a number 
of 


instruments. 


TRIG: 


Output-to-829I 
UNL 
While 20H 
:::; listener:::; 
3EH 
Output-to-829I 
Listener 
Increment 
listen list pointer 
Output-to-8291 
0 ET 
Return 


;Everybody 
stop listening 
;Check 
for valid listen address 
;Address 
each listener 


;Terminate 
on any non-valid 
character 
;Issue group 
execute 
trigger 


DEVICE 


LSTN 
TALK 


"1" 
..a" 


DEVICE 


TALK 


·'R·· 


DEVICE 


lSTN 
TALK 


"K" 


DEVICE 


lSTN 
TALK 


"1\" 


Device Clear 


DC LR < Listener 
list> 


This system 
command 
causes a device clear (SDC) 
to be sent 
to all devices 
on the listener 
list. Note 
that this is not intended 
to clear the GPIB interface 


of the device, 
but should 
clear 
the device-specific 


logic. 


DCLR: 


Output-to-8291 
UNL 
While 20H 
::; Listener 
:s; 3EH 


Output-to-829I 
listener 


Increment 
listen list pointer 


Output-to-829I 
SDC 


Return 


;Everybody 
stop listening 
;Check 
for valid listen address 


;Address 
each listener 
;Terminate 
on any non-valid 
character 
;Selective 
device clear 


Serial Poll 


S POL < Talker 
list> 
< status 
buffer 
pointer> 


This 
system 
command 
sequentially 
addresses 
the 
designated 
devices 
and 
receives 
one byte of status 


from each. The bytes are stored 
in the buffer in the 


same order 
as the devices appear 
on the talker 
list. 


M LA is output 
for completeness. 


SPOL: 


Output-to-829I 
UNL, 
MLA, 
SPE 


While 40H 
:s: talker 
:s: 5EH 
Output-to-8291 
talker 
Increment 
talker 
list pointer 


Enable-8291 
lon, reset ton 
Immediate 
execute 
pon 
Output-to-8292 
GTSB 
Wait for data 
in (BI) 
Output-to-8292 
TCSY 
Input-from-8291 
data 
Increment 
buffer 
pointer 
Enable 
8291 
ton, 
reset Ion 
Immediate 
execute 
pon 
Output-to-829I 
SPD 
Return 


;Unlisten, 
we listen, serial poll enable 


:Only 
one 
b)tc 
of 
Sei"iCl I pu'i 


;Status 
wanted 
from each talker 
;Check 
for valid transfer 


;Address 
each device to talk 


;One at a time 


;Listen 
only to get status 


;This resets ton 
;Go to standby 
;Serial 
poll status 
byte into 8291 


;Take control 
synchronously 


;Actually 
get data 
from 8291 


;Resets 
Ion 
;Send 
serial poll disable 
after all devices 
polled 


Parallel Poll Enable 


PPEN < Listener 
list> 
< Configuration 
Buffer pointer> 


This 
system 
command 
configures 
one 
or 
more 
list. 
The 
configuration 
byte 
has 
the 
format 
devices 
to respond 
to Parallel 
Poll, assuming 
they 
XXXXIP3P2Pl 
as defined by the IEEE Std. P3P2Pl 


implement 
subset 
PP I. The configuration 
informa- 
indicates 
the bit # to be used for a response 
and 
I 
tion 
is stored 
in a buffer 
with one byte per device 
indicates 
the assertion 
value. See Sec. 2.9.3.3 of the 
in the same order 
as devices 
appear 
on the listener 
Std. for more details. 


PPEN: 
Output-to-829I 
UNL 
While 20H 
::; Listener::; 
3EH 
Output-to-829I 
listener 
Output-to-829I 
PPC, 
(PPE 
or data) 
Increment 
listener 
list pointer 
Increment 
buffer 
pointer 
Return 


;Universal 
unlisten 


;Check 
for valid listener 


;Stop 
old listener, 
address 
new 
;Send 
parallel 
poll info 
;Point 
to next listener 


;One configuration 
byte per listener 


Parallel 
Poll Disable 


P P DS < listener 
list> 


This system command 
disables 
one or more devices 
from 
responding 
to a Parallel 
Poll 
by issuing 
a 


Parallel 
Poll 
Disable 
(PPD). 
It does 
not 
decon- 
figure the devices. 


PPDS: 
Output-to-829I 
UNL 
While 20H 
::; Listener::; 
3EH 
Output-to-8291 
listener 
Increment 
listener 
list pointer 


Output-to-8291 
PPC, 
PPD 
Return 


;Universal 
Unlisten 


;Check 
for valid listener 


;Address 
listener 


:.::~::'::::::::::::;: 
lSTW 
TALK 


"1" 
"0" 


DEVICE 


l$TN 
TALK 


"1" 
"0" 


DEVICE 


l$TN 
TALK 


"2" 
"A" 


DEVICE 


LSTN 
TALK 


"K" 


DEVICE 


LSTN 
TALK 
""" 


Figure 24. PPUN 


AFN.()13S0A 


Parallel 
Poll Unconfigure 


PPUN 


This system command 
deconfigures 
the Parallel 
Poll 


response 
of all devices 
by issuing 
a Parallel 
Poll 


Unconfigure 
message. 


PPUN: 


Output-to-829I 
PPU 
Return 


Conduct 
a Parallel 
Poll 


PPOL 


This system command 
causes the controller 
to con- 
duct a Parallel 
Poll on the G PI B for approximately 


12.5 usec (at 6 M Hz). Note that a parallel 
poll does 
not use the handshake; 
therefore, 
to ensure that the 


device 
knows 
whether 
or not its positive 
response 


was 
observed 
by the controller, 
the CPU 
should 
explicitly 
acknowledge 
each 
device 
by a device- 
dependeilt 
data 
string. 
Otherwise, 
the response 
bit 
will still be set when the next 
Parallel 
Poll occurs. 


This command 
returns 
one byte of status. 


PPOL: 


Ena ble-829I 
Ion 
Immediate 
execute 
pon 
Output-to-8292 
EXPP 


Upon 
BI 
Input-from-8291 
data 


Enable-829I 
ton 
Immediate 
execute 
pon 
Return 
Data 
(status 
byte) 


;Listen 
only 


;This resets ton 
;Execute 
parallel 
poll 


;When 
byte is input 


;Read 
it 


;Talk only 
;This resets Ion 


Pass Control 


PCTL 
<talker> 


This 
system 
command 
allows 
the 
controller 
to 


relinquish 
active 
control 
of the G PI B to another 


controller. 
Normally 
some software 
protocol 
should 


already 
have informed 
the controller 
to expect this, 


and 
under 
what 
conditions 
to return 
control. 
The 


8291 must 
be set up to become 
a normal 
device 
and 
the 
CPU 
must 
handle 
all commands 
passed 
through, 
otherwise 
control 
cannot 
be returned 
(see 
Receive Control 
below). 
The controller 
will go idle. 


PCTL: 
If 40H 
:5 talker 
:5 5EH then 
if talker 
< 
> MT A then 


output-to-8291 
talker, 
TCT 
Enable-829I 
not ton, not Ion 
Immediate 
execute 
pon 
My device address, 
mode 
I 


Undefined 
command 
pass through 


(Parallel 
Poll Configuration) 
Output-to-8292 
GIDL 
Return 


;Cannot 
pass control 
to myself 
;Take control 
message 
to talker 


;Set up 8291 as normal 
device 


;Reset 
ton and Ion 


;Put device number 
in Register 
6 


;Required 
to receive control 


;Optional 
use of PP 


;Put controller 
in idle 


DEVICE 


LSTN 
TALK 


"1" 
"0" 


DEVICE 


lSTN 
TALK 


"2" 
"R" 


DEVICE 


lSTN 
TALK 


"K" 


DEVICE 


lSTN 
TALK 


">" 
"1\" 


This system 
command 
is used to get control 
back 


from the current 
controller-in-charge 
ifit has passed 


control 
to 
this 
inactive 
controller. 
Most 
GPIB 


systems 
do not use more 
than 
one controller 
and 


therefore 
would 
not need this routine. 


To 
make 
passing 
and 
receiving 
control 
a man- 


ageable 
event, 
the system designer 
should 
specify a 


protocol 
whereby 
the controller-in-charge 
sends 
a 


data 
message 
to the soon-to-be-active 
controller. 


This 
message 
should 
give the current 
state 
of the 


system, 
why control 
is being 
passed, 
what 
to do, 


and when to pass control 
back. Most of these issues 


are beyond 
the scope of this Ap Note. 


RCTL: 
Upon 
CPT 
If (command=TCT) 
then 
If TA then 
Enable-829I 


Disable 
major 
device number 
ton 
Mask 
off interrupts 


Immediate 
execute 
pon 


;Wait 
for command 
pass through 
bit in 8291 


;If command 
is take control 
and 


;We are talker 
addressed 


;Controller 
will use ton and Ion 


;Talk only mode 


Output-to-8292 
TCNTR 
Enable-829I 


Valid command 
Return 
valid 


Else 


Enable-829I 
Invalid 
command 


Else 
Enable-829I 
Invalid 
command 
Return 
invalid 


SYSTEM 
CONTROLLER 
CONTROLLER 


8291.8292 
8291.8292 


LSTN 
LSTN 
TALK 


"1" 
"I" 
"A" 


~ 
a: 
DEVICE 
DEVICE 


lSTN 
TALK 
lSTN 
TALK 
"1" 
"0" 
"'" 
"0" 


DEVICE 
DEVICE 


LSTN 
TALK 
LSTN 
TALK 


"2" 
"R" 
"2" 
"R" 


DEVICE 
DEVICE 


LSTN 
TALK 
lSTN 
TALK 
.oK" 
"K" 


DEVICE 
DEVICE 


lSTN 
TALK 
lSTN 
TALK 
.. 
"",. 
"1\" 
lSTN 


"#" 


CONTROLLER 


Service 
Request 


SRQD 


This system 
command 
is used to detect 
the occur- 


rence 
of a Service 
Request 
on the G PI B. One or 


more devices 
may assert 
SRQ simultaneously, 
and 


the 
CPU 
would 
normally 
conduct 
a Serial 
Poll 
after calling this routine 
to determine 
which devices 


are SRQing. 


SRQD: 
If SRQ 
then 
Output-to-8292 
IACK.SRQ 
Return 
SRQ 


Else return 
no SRQ 


;Test 92 status 
bit 


;Acknowledge 
it 


SYSTEM 
CONTROLLER 


Remote 
Enable 


REME 


This 
system 
command 
asserts 
the Remote 
Enable 


line (REN) 
on the GPIB. 
The devices 
will not go 
remote 
until 
they 
are 
later 
addressed 
to listen 
by 


some other 
system 
command. 


REM£: 


Output-to-8292 
SREM 
Return 


Local 


LOCL 


This system command 
deasserts 
the REN line on the 


GPIB. 
The devices 
will go local immediately. 


LOCL: 


Output-to-8292 
SLOC 


Return 


SYSTEM 
CONTROLLER 
8291,8292 


l$TN 
~ 


TALK 


.",. 
"A" 


I~ 


DEVICE 


_ .. 


lSTN 
TALK 


"1" 
"0" 


DEVICE 


LSTN 
TALK 
"2" 
"R" 


DEVICE 
. 
L$TN 
TALK 
..~.. 
"K" 


DEVICE 


LSTN 
TALK 


">" 
"1\" 


DEVICE 


lSTN 
TALK 


"1" 
"0" 


DEVICE 


LSTN 
TALK 
"2" 
"Rn 


DEVICE 


LSTN 


DEVICE 


LSTN 
TALK 
">.. 
""" 


Figure 30. IFCL 


AFN-<l13BOA 


Interface 
Clear/ Abort 


IFCL 


This system 
command 
asserts 
the 0 PI B's Interface 
Clear 
(IFC) 
line 
for 
at 
least 
100 microseconds. 
This causes all interface 
logic in all devices to go to 


a known 
state. 
Note 
that 
the device 
itself mayor 


may not be reset, too. 
Most instruments 
do totally 


reset upon 
IFC. Some devices may require 
a DCLR 


as well as an 
IFCL 
to 
be completely 
reset. 
The 


(system) 
controller 
becomes 
Controller-in-Charge. 


IFCL: 


Output-to-8292 
ABORT 
Return 
;8292 asserts 
Interface 
Clear 
;For 
100 microseconds 


INTERRUPTS 
AND 


DMA 
CONSIDERATIONS 


The previous 
sections 
have discussed 
in detail how 
to use the 
8291, 
8292, 
8293 chip 
set as a OPIB 


controller 
with the software 
operating 
in a polling 
mode 
and 
using programmed 
transfer 
of the data. 


This is the simplest 
mode 
of use, but it ties up the 
microprocessor. 
for the duration 
of a 0 PIB transac- 


tion. 
If system design constraints 
do not allow this, 


then either 
Interrupts 
and! or DMA 
may be used to 
free up processor 
cycles. 


The 8291 and 8292 provide 
sufficient 
interrupts 
that 


one may return 
to do other 
work while waiting 
for 


such 
things 
as 8292 Task 
Completion, 
8291 Next 
Byte In, 8291 Last Byte Out, 8292 Service 
Request 


In, etc. The only difficulty 
lies in integrating 
these 


various 
interrupt 
sources 
and 
their 
matching 


routines 
into the overall system's interrupt 
structure. 


This 
is highly 
situation-specific 
and 
is beyond 
the 


scope of this Ap Note. 


The strategy to follow is to replace each of the WAfT 
routines 
(see Appendix 
A) with a return 
to the main 


code and provide 
for the corresponding 
interrupt 
to 


bring 
the control 
back to the next section 
of 0 P fB 


code. 
For example 
WAlTa 
(Wait 
for Byte Out of 


8291) would be replaced 
by having the BO interrupt 


enabled 
and storing 
the (return) 
address 
of the next 


instruction 
in 
a 
known 
place. 
This 
co-routine 


structure 
will then be activated 
by a BO interrupt. 


Fig. 31 shows an example 
of the flow of control. 


MAIN CODE 


USER: 


GPIB SUBROUTINE 


SEND: 


ACTIVATE 
== 


~.. 
(WAIT0) 
=== 
INT'= 
= 


~ 
G~O?------ 


~ 
INT: __ 
..1WA1T0) 


.---- 
GPIBBO?--------~ 
-- ...• 
(WAIT 0) 
= 
~'NT:- 
__ = 
____ 
GPIB BO?- 
=.. 
__ 
(WAITT) 


~ 
INT: GPIB BO? 
_ 


---- 
GPIB TCI?~ 
--.. 
-- 


DMA 
is also useful in relieving 
the processor 
if the 


average 
length 
of a data 
buffer 
is long enough 
to 


overcome 
the extra time used to set up aD M A chip. 
This decision 
will also be a function 
of the data rate 


of the instrument. 
The 
best strategy 
is to use the 
DMA 
to handle 
only the data 
buffer 
transfers 
on 
SEND 
and RECV and to do all the addressing 
and 


control 
just 
as' shown 
in the driver 
descriptions. 


Another 
major 
reason 
for using a DMA 
chip is to 
increase 
the 
data 
rate 
and 
therefore 
increase 
the 


overall 
transaction 
rate. 
In this case the 
limiting 


factor 
becomes 
the time used to do the addressing 
and control 
of the G PI B using software 
like that in 


Appendix 
A. The data 
transmission 
time becomes 
insignificant 
at DMA 
speeds 
unless extremely 
long 
buffers 
are used. 


Refer to Figure 
II for a typical 
DMA and interrupt 
based 
design 
using the 8291, 8292, 8293. A system 
like this can achieve 
a 250K byte transfer 
rate while 
under 
DMA 
control. 


This section will present the code required 
to operate 


a typical 
G PI B instrument 
set up as shown 
in Fig. 


32. 
The 
H P5328A 
universal 
counter 
and 
the 


H P3325 
function 
generator 
are 
typical 
of many 
GPIB 
devices; 
however, 
there are a wide variety 
of 


software 
protocols 
to be found 
on the G PI B. The 
Ziatech 
ZT488 G PIB analyzer 
is used to single step 
the bus to facilitate 
debugging 
the system. 
It also 


serves 
as a training/familiarization 
aid 
for 
new- 


comers 
to the bus. 


This example 
will set up the function 
generator 
to 


output 
a specific 
waveform, 
frequency 
and ampli- 


tude. 
It will then 
tell the counter 
to measure 
the 


frequency 
and 
Request 
Service 
(SRQ) 
when com- 
plete. The program 
will then read in the data. 
The 


assembled 
source 
code will be found 
at the end of 


Appendix 
A, 


ZT7488/18 
CONTROLLER 


LSTN 
TALK 


"'" 


CTLR 
"A" 


HP 5328A 
COUNTER 


LSTN 
TALK 


> 
"1" 
"a" 


HP 3325A 


FUNCTION 
GENERATOR 


LSTN 
TALK 


"2" 
"R" 


ZT488 
GPIB 
ANALYZER 


SEND 
LSTN: 
"2", COUNT: 
15, EOS: ODH, DATA: 
"FUIFR37KHAM2VO 
(CR)" 


;SETS 
UP FUNCTION 
GEN. 
TO 37 KHZ 
SINE, 
2 VOLTS 
PP 


;COUNT 
EQUAL 
TO # CHAR 
IN BUFFER 


;EOS 
CHARACTER 
IS (CR) 
= ODH = CARRIAGE 
RETURN 


SEND 
LSTN: 
"I", 
COUNT: 
6, EOS: 'T' DATA: 
"PR4G7T' 


;SETS 
UP COUNTER 
FOR 
P:INITlALlZE, 
F4: FREQ 
CHAN 
A 


; 
G7:0.1 
HZ RESOLUTION, 
T:TRIGGER 
AND 
SRQ 


;COUNT 
IS EQUAL 
TO # CHAR 


WAIT 
FOR 
SRQ 


SPOL 
TALK: 
"Q", 
DATA: 
STATUS 
1 


;CLEARS 
THE 
SRO-IN 
THIS 
EXAMPLE 
ONLY 
FREQ 
CTR 
ASSERTS 
SRQ 


RECV 
TALK: 
"Q", COUNT: 
17, EOS: OAH, 
DATA:" 
+ 
37000.0E+O" 
(CR) (LF) 


;GETS 
17 BYTES 
OF DATA 
FROM 
COUNTER 


;COUNT 
IS EXACT 
BUFFER 
LENGTH 


;DATA 
SHOWN 
IS TYPICAL 
HP5328A 
READING 
THAT 
WOULD 
BE RECEIVED 


CONCLUSION 


This Application 
Note has shown 
a structured 
way 
to view the IEEE 488 bus and has given typical code 
sequences 
to make 
the Intel 8291, 8292, and 8293's 
behave 
as a controller 
of the OPIB. 
There are other 


ways to use the chip set, but whatever 
solution 
is 
chosen, 
it must be integrated 
into the overall system 


software. 


The 
ultimate 
reference 
for OPIB 
questions 
is the 


IEEE 
Std 488, -1978 which is available 
from IEEE, 


345 East 47th St., New York, 
NY, 10017. The ulti- 


mate reference 
for the 8292 is the source listing for it 


(remember 
it's a pre-programmed 
UPI-4J A) which 


is available 
from INSITE, 
Intel Corp., 
3065 Bowers 
Ave., Santa 
Clara, 
CA 95051. 


ISIS-II 
8080/8085 
MACHO 
ASS£I~BLER, 
·V3.0 
GPIR 
CONTROLLER 
SUBROUTINES 


ORG 
1000H 
; 
For 
ZT748~/lR 
w/R0RS 


PRT91 
EQU 
h0H 
;R291 
8ase 
Port 


Reg 
#0 
Data 
in 
& 
Data 
out 


DIN 
EOU 
PRT91Hl 
;91 
Data 
in 
reg 
DOUT 
EOU 
PRT91+0 
;91 
Data 
out 
reg 


, 
Reg ~ 1 
Interrupt 
1 Constants 


INTI 
EQU 
PHT91+1 
;IN"T Re'] 1 
IN'!',.,l EQU 
PHT91+1 
;INT 
Mask 
Reg. 
1 


BOM 
EOU 
02 
;91 
BO 
I'!TRP 
."Iask 


81M 
EOU 
01 
;91 
81 
INTRP 
Mask 


ENDMK 
EQU 
10H 
;91· END 
INTRP 
Mask 


CPT 
EQU 
B,JH 
;91 
commann 
pass 
thru 
int 
hit 


, 
Reg 
#2 
Interrupt 
2 


INT2 
EQU 
PRT91+2 


"0hl 
0061 
0002 
0001 
00U 
0080 


00h4 
0020 
0002 
0001 


Reg 
~4 


ADRMD 
EOU 
TON 
EQU 


LON 
EQU 


TLON 
EQU 


MODEl 
EQU 
. 
Reg 
~4 
ADRS1' 
EQU 


EOIS'!' 
EOU 


'!'A 
EQU 


LA 
EOU 


Reg 
~5 


AUXMD 
EQU 


CLKRT 
EOU 


0064 
0080 
0040 
"'0C0 
0001 


0003 
001Hi 
\138~' 
iJ0H 
'''''''2 
0003 
0004 
0008 
000F 
0007 
00A0 
0001 


o ('l(i8 
0il01 
0002 
0004 
0"n8 
~0~8 


0069 
0010 
"002 
0020 


00'58 
0068 
00n8 
00li8 
0068 


00F0 
00Fl 
00F2 
00F3 
00F4 
00F5 
00F6 
00F7 
00F8 
00F9 
lHH'A 
00FC 
00FD 
00FE 


50 
FNHSK 


51 
SDEOI 


52 
AXRA 
53 
HOdSK 


54 
HOEND 


55 
CAHCY 


56 
EDEOS 
57 
EOIS 
58 
VSC,'1D 
59 
NVCMD 
60 
AXRB 
'il CPTEN 
62 
63 
~4 
CPTRG 
(,5 
6n 
67 
fi8 
59 
70 
71 
72 
73 
74 
75 
7fi 
77 
78 
79 
80 
81 
82 
83 
84 
85 
B5 
87 
88 
89 
90 
91 
92 
93 
94 
95 
95 
97 
98 
99 


100 
101 
102 
103 
104 
105 
10fi 
107 
108 
109 
110 
111 
112 
113 
114 
115 
llfi 
117 
118 
119 
120 
121 
122 


ADR01 
D'I'DLI 
DTDL 2 


ERRM 
TOUTI 
TOUT2 
TOUT3 
EVREG 
TOREG 


. 
INTST 
EVBIT 
IBFBT 
SROBT 


ERFLG 
CLRST 
BUSST 
EVCST 
TOST 


, 
SPCNI 
GIDL 
RSET 
RSTI 
GSEC 
EXPP 
GTSB 
SLOC 
SREM 
ABORT 
'rCNTR 
TCASY 
TCSY 
STCNI 


Reg 
#'i 
EQU 
EOU 
EOU 


03 
0'5 
80H 
1 
2 
3 
4 
8 


0FH 
07H 
0A0ii 
01H 


Ann ress 
PRT91+n 
60H 
0E0H 


;91 
fininsh 
handshake 
command 


;91 
senn 
EOI 
with 
next 
byte 
;91 
aux. 
req 
A 
Dattern 
;91 
hold 
off 
hanrlshake 
on 
all 
bytes 


;91 
holo 
off 
handshake 
on 
end 


;91 
continuous 
AH 
cycling 
;91 
end 
on 
f.OS received 
;91 
output 
EoI 
on 
EOS 
sent 
;91 
valid 
command 
pass 
through 
;91 
invalid 
command 
pass 
through 


;Aux. 
reg. 
B 
pattern 
;commanrl 
pass 
thru 
enable 


;Disable 
major 
talker 
& 
listener 


;Disable 
minor 
talker 
& 
listener 


PRT92+0 
;92 
INTRP 
Mask 
Reg 
0A0H 
;TCI 


PRT92+0 
01 
02 
04 
PRT92+0 
PRT92+0 


;92 
Error 
Mask 
Reg 


;92 
Time 
Out 
for 
Pass 
Control 


;92 
Time 
Out 
for 
Standhy 
;92 
Time 
Out 
for 
Take 
Control 
;92 
Event 
Counter 
Pseurlo 
Reg 


;92 
Time 
Out 
Pseudo 
Reg 


PRT92+1 
HIli 
02 
20H 


;92 
Interrupt 
Status 
Reg 


;Event 
Counter 
Bit 
;Input 
Ruffer 
Full 
Bit 
;Seq 
bit 


PRT92+0 
;92 
Error 
Flag 
Pseudo 
Reg 
PRT92+0 
;92 
Controller 
Status 
Pseu~o 
Reg 
PRT92+0 
;92 
GPIB 
(Bus) 
Status 
Pseudo 
Reg 
PRT92+0 
;92 
Event 
Counter 
Status 
Pseudo 
Reg 
PRT92+0 
;92 
Time 
Out 
Status 
Pseudo 
Reg 


0F0H 
0FlH 
0F2H 


0F3H 
0F4H 
0F5H 
0F6H 
0F7H 
0F8H 
0F9H 
0FAH 
0FCH 
0FDH 
0FEH 


;Stop 
Counter 
Interrupts 
;Go 
to 
idle 
;Reset 
;Reset 
Interrupts 
;Goto 
standby, 
ena~le 
counting 


;f.xecute 
parallel 
poll 
;Goto 
standby 
;Set 
local 
mode 
;Set 
interface 
to 
remote 
;Abort 
all 
operation, 
clear 
interface 


;Take 
control 
(Receive 
control) 


;Take 
control 
asyncronously 


;Take 
control 
syncronously 


;Start 
counter 
interrupts 


IHllH 
IHlE2 
'HIE 3 
IlllE4 
liliES 
IlllE6 
IlllE7 
Il\lE9 
IIilEA 
1111111:1 


IlllfiF 
1111 
Il2 


Illlll4 
11008 
1111111 
1ll'Jl'J1 


Ill'Jlll 
Illl41 
Illl21 
01l3F 
:""'8 
11004 
0l'J18 
3319 
(l1l05 
II,n II 
IIII6\l 
0l'J15 
\l01l9 


lotb 
127 
128 
129 
1311 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
145 
147 
148 
149 
150 
151 
152 
153 
154 
155 
155 
157 
158 
159 
1~0 
!hI 
11;2 
153 
164 
1/;5 
l'i6 
11;7 
168 
169 
1711 
171 
172 
173 
174 
175 
176 
177 
17fl 
179 
lAIl 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 


WUUT 
WEVC 
REVC 
RERF 
RHIM 
RCST 
RBST 
RTOUT 
RERM 
lACK 


, 
PRTF 
TClF 
SPIF 
OBFF 
II:IFF 
BOF 


MOA 
MTA 
MLA 
UNL 
GET 
SOC 
SPE 
SPO 
PPC 
PPD 
PPE 
PPU 
TCT 


t.\JU 
•. -~J.ft- 
--r--.f'ttlt!" 
LV 
L..LIIlICVUL 
1.II;;"J 


EQU 
0E2H 
;Write 
to 
event 
counter 
EQU 
IlE3H 
;Read 
event 
counter 
status 
EQU 
IlE4H 
;Read 
error 
flag 
reg 
EQU 
0E5H 
;Read 
interrupt 
mask 
reg 
EQU 
0E6H 
;Read 
controller 
status 
reg 
EQU 
0E7H 
;Read 
GPlB 
Bus 
status 
reg 
EQU 
IlE9H 
;Read 
timeout 
status 
reg 
EQU 
IlEAH 
;Read 
error 
mask 
reg 
EQU 
IlBH 
;Interrupt 
Acknowledge 


EQU 
PRT91+0FH 
;ZT748fl 
port 
liF for 
interrupts 


EQU 
Il2H 
;Task 
complete 
interrupt 
EQU 
1l4H 
;Special 
interrupt 
EQU 
(l8H 
;92 
Output 
(to 
CPU) 
Buffer 
full 
EQU 
l1lH 
;92 
Inpot 
(from 
CPU) 
Buffer 
empty 


EQU 
01H 
;91 
Int'line 
(BO 
in 
this 
case) 


EQU 
EQU 
EQU 
EQU 
EQlJ 
EQU 
EOU 
EQU 
EQU 
EQU' 
F.:QU 
EQU 
EQU 


1 
MOA+4IlH 
MOA+20H 
3FH 
(l8 
1l4H 
18H 
19H 
05 
71lH 
li0H 
ISH 
39 


;My 
device 
address 
is 
1 


;My 
talk 
address 
is 
1 
("A") 


;My 
listen 
address 
is 
1 
("!") 


;Universal 
unlisten 
;Group 
Execute 
Tri~qer 


;Device 
Clear 


;Serial 
poll 
enable 


;Serial 
poll 
disable 


;Parallel 
poll 
configure 
;Paral1el 
poll 
disable 
;Parallel 
poll 
disahle 
;Parallel 
poll 
unconfigured 


;Take 
control 
(pass 
control) 


MACRO 
ORA 
ENOM 


I~ACRO 
LOCAL 
IN 
,IINI 
JZ 
ENOM 


MACRO 
LOCAL 
IN 
MOV 
ANI 
JZ 
ENOM 


MACRO 
LOCAL 
IN 
ANI 
JNZ 
ENOM 


WAITL 
INTI 
BOM 
WAITL 


\~AITL 
INTI 
B,A 
BIM 
WAITL 


WAITL 
PRTF 
TCIF 
WAITL 


;Get 
IntI 
status 
;Check 
for 
hyte 
out 
;If 
not, 
try 
again 
;until 
it 
is 


;Get 
INTI 
status 
;Save 
status 
in 
B 
;Check 
for 
hyte 
in 
;If 
not, 
just 
try 
again 
;until 
it 
is 


1~il0 3EMI 
11302 031;8 
11304 
3EI)~ 
11300 D3fil) 
1008 
3£E0 
100A 
D3~5 
10I'JC 3E80 
100E 
D31)4 
113113 31>23 
HH2 
D31)5 


HH4 
AF 


11315 D3fil 
11317 D31)2 
HH9 
D355 


11318 C9 


196 
WAITT 
197 
198 
WAITL: 


199 
200 
201 
2132 
2133 RANGE 
204 
205 
206 
2137 
2138 
2139 
2113 
211 
212 
213 
214 
215 
216 
CLRA 


217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
231) 
237 
238 
239 
240 
241 
242 
243 
244 
245 
241) 
247 
248 
11'11'1': 
249 
250 
251 
252 
253 
254 
255 
255 
257 
258 
259+ 
2fi0 
21il 
2fi2 
263 
264 
, 


2~5 
;***************************************************** 
2fil; 
21)7 
2fi8 
269 


r~ACRO 
LOCAL 
IN 
ANI 
JZ 
ENDM 


MOV 
CPI 
JM 
CPI 
JP 
END"! 


.MACRO 
XRA 
ENDM 


WAITL 
PRTF 
TCIF 
WAITL 


;Get 
task 
complete 
int,etc. 
;Mask 
it 
;Wait 
for 
task 
to 
be 
complete 


LOWER,UPPER,LABEL 
;Checks 
fo~ 
value 
in 
range 


;branches 
to 
label 
if 
not 


;in 
range. 
Falls 
tbrough 
if 
;lower 
<= 
( 
(H) (L) 
) <= 
upper. 


;Get 
next 
byte. 
A,M 
LOWER 
LABEL 
UPPER+l 
LABEL 


All 
of 
tbe 
following 
routines 
have 
these. 
Common 


assumptions 
about 
the 
state 
of 
the 
8291 
& 
8292 
upon 
entry 


to 
the 
routine 
and 
will 
exit 
the 
routine 
in 
an 
identical 
state. 


80 
is 
or 
has 
been 
set, 
All 
interrupts 
are 
maskerl 
off 
TON 
mode, 
not 
LA 
No 
holdoffs 
in 
effect 
or 
enabled 
No 
holdoffs 
waiting 
for 
finish 
command 


ATN 
asserted 
(active 
controller) 
note: 
RCTL 
is 
an 
exception--- 
it 
expects 


to 
not 
be 
active 
controller 


Any 
previous 
task 
is 
complete 
& 92 
is 


rearly 
to 
receive 
next 
command. 
81385: 
Pointer 
registers 
(DE,HL) 
end 
one 


; 
beyond 
last 
legal 
entry 
. 


;******************************************************* 


;INPUTS: 
;OUTPUT5: 
;CIILLS: 
;DESTROYS: 


MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
'1VI 
OUT 
MVI 
OUT 
CLHA 
XHA 
OUT 
OUT 
OUT 
RET 


None 
None 
None 
A,F 


A,INTM 
IN'I'MR 
A,D'I'DLI 
ADR01 
A,DTDL2 
ADR01 
A,TON 
ADR"1D 
A,CLKRT 
AUX"1D 


;Enable 
TCI 


;Output 
to 
92's 
intr. 
mask 
reg 


;Disable 
major 
talker/listener 


A 
I N'l'l 
11'1'1'2 
AUX"10 
;Disable 
all 
91 
mask 
bits 
;Immediate 
execute 
paN 


101C 
3E41 


101E 
D3~0 


11120 DB61 
1022 
E632 
1024 CA2010 
1027 
3E3F 


11129 D360 
1028 
713 
102C 
D3~7 


102E 
7E 
11l2F FE20 
1031 FA4710 
1034 
~'E3F 
1~3fi F24710 


HU9 
DB61 
1038 
E632 
103D CA3910 
1040 
7E 
1041 D360 
1043 
23 
11144 C32Ell'l 


1047 
DBfil 


ll'l49E602 
1048 
CM 710 


Ifl4E 3EFfi 
1050 
0369 
1052 
3E88 
1054 
D3fi5 


105~ 
DB6F 
1058 
E602 
105A 
C25"1!! 


1'150 D86F 
105F 
E602 
11161 CA5Ol!! 


1064 
79 


1065 137 
1066 CAB810 
lCHi9 lA 
106A 
D3~0 
10"C 
BR 


270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 SEND: 
283 
284 
285+??0iHH: 
28"+ 
287+ 
288 
289 
290 
291 
292 
293 SENOl: 
294+ 
295+ 
29,,+ 
297+ 
298+ 
299+ 
H0+ 
301+ 
302+ 
303+ 
304 
3"5+??!!~02: 
306+ 
307+ 
308 
309 
3111 
311 
312 
313 SEND2: 
314+??fl003: 
315+ 
316+ 
317 
318 
319 
320 
321 
322 
323 
324+??CH1:J4: 
32S+ 
32fi+ 
327 
328+??fHl0S: 
329+ 
330+ 
331 
332 
333 
334 
335 
33fi+ 
337 
338 SEN03: 
339 
340 
341 
342 


OUTPUTS: 
CALLS: 
DESTROYS: 


MVI 
OUT 
WAITO 


IN 
ANI 
JZ 
MVI 
ou'r 
MOV 
OUT 


INTI 
130M 
??0001 
A, UIIIL 
DOU'l' 
A,B 
EOSR 


HL listener 
list 
pointer 


DE data 
buffer 
pointer 


C 
count--" 
will 
cause 
no ~ata 
to be 
sent 
b 
EOS character-- 
software 
detected 


none 
none 
A, 
C, 
DE, 
HL, 
F 


;Send 
MTA 
to 
turn off 
any 
;previous 
talker 


;Get 
IntI 
status 
;Check 
for byte 
out 
;If not, 
try 
again 


;Sen~ 
universal 
unlisten 
;to stop 
previous 
listeners 


;Get 
EOS character 
;Output 
it to 8291 
;while 
listener .•••• 


20H,3EH,SEN02 
;Check 
next 
listen 
address 


;Checks 'fot value 
in range 
;branches 
to label 
if not 
;(ri range. 
Falls 
throu1h 
if 
;lower 
<= 
( (H) (L) ) <= upper. 
;Get next 
byte. 
MOV 
A,M 
CPI 
20H 


JM 
SEND2 


CPI 
3EH+l 


JP 
SEND? 


''iAITO 
IN 
INTI 
ANI 
BOM 
JZ 
??,HHl? 
:~OV 
A,M 


OUT 
DOUT 
INX 
H 
J'I\P 
SENDI 


WAITO 


IN 
INTI 


Alii 
I 
130M 


JZ 
??0003 


MVI 
OUT 
MVI 
OUT 
WAITX 
1111 
Alii 
I 


JIIIZ 
''';AITT 
IN 
ANI 
,n 


;Wait 
for 
previous 
listener 
sent 


;Get 
IntI 
status 


;Check 
for byte 
out 


;If not, 
try 
again 


;Get 
this 
listener 
;Ou tput 
to GPI B 
;Incre~ent 
listener 
list 
pointer 
;Loop 
till 
non-valid 
listener 


;Enable 
91 enning 
conditions 


;Wait 
for Istn 
addr 
accepted 


;Get 
IntI 
status 


;Check 
for byte 
out 
;If not, 
try 
again 
;WAITO 
required 
for early 
versions 


;of R292 
to avoid 
GTSB 
before 
DAC 
A,GTSB 
;Goto 
stan1hy 
CMD92 
; 


A,AXRA+EOIS 
;Sen~ 
EOI with 
EOS character 
AUXMD 


PRTF 
TCIF 
??l'Ifl!!4 


PRTF 
TCIF 
??0:J:J5 


;Wait 
for TCI 
on GTSR 
;Get 
task 
complete 
int,etc. 
;Mask 
it 
;Wait 
for 
task 
to be complete 


'l\OV 
SETF 


ORA 
JZ 
LDAX 
OUT 
CMP 


A 
SENDr, 


j) 
OOUT 
B 


;Get count 
;Set 
fla'lS 


;IE 
count=0, 
send 
no data 
;Get ~ata 
byte 


;Output 
to GPI8 


;Test 
EOS 
•.•this 
is Easter 
;an~ 
uses 
less 
code 
than 
using 


;91's 
END or 
EOI bits 


1~70 
DB61 


1072 
E6~2 
1074 
CA701~ 
1077 
13 
1078 
IlD 
1079 C26910 
107C 
C38811l 
107F 
13 
11180 
00 


1"81 
DB61 


1083 
E6~2 
HI85 
CAS11" 


11188 
3EFD 


108A 
D31;9 
108C 
3E8" 
108E 
D365 


1090 
D86F 


1"92 
E'002 
1094 
C29in~ 


1"97 
DB6F 


1099 
E61l2 
11198 CA9710 
109E 
C9 


10A2 
7E 
10A3 
FE40 
10A5 
FA3911 
10A8 
FE5F 


10AA 
F23911 


10B0 
D861 


1082 
£1)02 
1'lB4 CAB01" 
H'B7 
3E3F 
1089 
D3fi0 


108B 
0861 


1080 
E602 
10BF' CA8B10 


343 
344 
SEND4: 
345+77""06: 
346+ 
347+ 
348 
349 
350 
351 
352 
SEND5: 


353 
354 


;OUTPUT: 
;CALLS: 
;DESTROYS: 


JZ 
\'iAITO 


IN 


ANI 
JZ 
INX 
OCR 
J,'/Z 
J~P 
INX 


OCR 
WAITO 


MVI 
OUT 
MVI 
OUT 
'}/AITX 
IN 
ANI 
,JNZ 
','iAITT 
IN 
ANI 
JZ 
RET 


INTI 
80'1 
77000fi 
o 
C 
SEND3 
SENDf> 
D 
C 


INTI 
801~ 
770~07 


A,TCSY 
CI~D92 
A,AXRA 
AUX;~D 


PRTF 
TCIF 
770008 


PRTF 
TCIF 
770009 


.,OV 
OUT 
RANGE 


MOV 
CPI 
,J.'1 
CPI 
,JP 


OUT 
INX 
',"'AITa 


IN 


ANI 
,JZ 
MVI 
OUT 
'liAITO 


IN 


""NI 
JZ' 


;Get 
IntI 
status 


;Check 
for 
byte 
out 


;If 
nnt, 
try 
again 


,;Increment 
buffer 
pointer 


;Decrement 
count 


;If 
count 
< 
> 
0, 
go 
send 
;Else 
go 
finish 


;for 
consistency 


;This 
ensures 
that 
the 
standard 
entry 
;Get'Intl 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


;assumptions 
for 
the 
next 
suhroutine 
;Take 
control 
syncronously 


355+770007: 
356+ 
357+ 
358 
359 
SEND": 


360 
361 
31)2 
31)3 
31)4+770"08 
: 
3~5+ 
31)"+ 
31)7 
368+77('1009: 
369+ 
370+ 
371 
372 
i********************************************************************. 
373 
374 
375 
376 
377 
; INPUT: 
378 
379 
380 
381 
382 
383 
384 
385 
;RETURNS: 
38r, 
387 
388 
389 
390 
RECV: 


391 
392 
393+ 
394+ 
395+ 
3%+ 
397+ 
398+ 
399+ 
400+ 
401+ 
4"2+ 
4"3 
404 
40.5 
4"6 
407+770"1": 
408+ 
4"9+ 
410 
411 
412 
413+770011: 
414+ 
415+' 


;Wait 
for 


;Get 
task 


;Mask 
it 


;Wait 
for 


TCI 
comrlete 


HL 
talker 
pointer 


DE 
data 
buffer 
pointer 


C 
count 
(max 
buffer 
size) 
0 
implies 
25" 
B 
EOS 
character 
Fills 
buffer 
pointed 
at 
by 
DE 
None 
A, 
Be, 
DE, 
HL, 
F 


A=0 
normal 
termination--EOS 
detected 
A=4" 
Error--- 
count 
overrun 


A<40 
or 
A>5EH 
Error--- 
bad 
talk 
address 


A,B 
;Get 
EOS 
character 


EOSR 
;Output 
it 
to 
91 
40H,5EH,RECV6 
;Checks 
for 
value 
in 
range 
;branohes 
to 
label 
if 
not 


;in 
range. 
Falls 
through 
if 


; lo'Her 
<= 
( 
(H) (L) 
) 
<= 
upper. 
;Get 
next 
byte, 
A,M 
4"H 
RECV6 
5EH+l 
'RECV,fi 


INTI 
BOM 
77001(1 
A,UNL 
DOUT 


INTI 
80M 
??0~11 


;valid 
if 
40H<= 
talk 
<=5EH 


;Output 
talker 
to 
GPIS 
;Incr 
pointer 
for 
consistency 


;Get 
IntI 
status 


;Check 
for 
byte 
out 


;If 
not, 
try 
again 
;Stop 
other 
listeners 


;Get 
IntI 
status 
;Check 
for 
byte 
out 


;If 
not, 
try 
again 


10C2 
3821 


10C4 
03'i0 
10CG 
3886 
10C8 
0355 


10CA 
OB'il 


10CC 
8502 
HlC8 
CACA10 
1001 
3840 
llIJD3 03 h4 


HlD5 
AF 
10D6 
0355 


1008 
3EFF; 
10DA 
03<;9 


100C 
086F 
100E 
E532 
HIE0 
C20C10 


10E3 
OB6F 
10E5 
81;02 
10EA 
0851 


10EC 
47 


HIEO 
E610 


10EF 
C20511 


HlF2 
78 
10F3 
E601 
10F5 
CAEA10 
10F8 
08'i~ 
10FA 
12 
llH'8 
13 
10FC 
00 
lC'JFOC2EA10 
1100 
01;40 
1102 
C31711 


IHJ5 
78 
1100 
E601 


1108 
C21011 


1108 
0861 


1100 
C30611 


1110 
0850 
1112 
12 
1113 
13 
1114 
00 
1115 
06fl0 


11113 
080F 


1110 
E632 
I11F 
C21811 


1122 
086F 


1124 
E602 
1126 
CA2211 


1129 
3E80 
1128 
03<;5 
1120 
3E8fl 
112F 
0364 
1131 
3Ell3 
1133 
0365 


1135 
AF 
1136 
D31;5 
1138 
78 
1139 
C9 


416 
417 
418 
419 
420 
421+??0012: 
422+ 
423+ 
424 
425 
426 
427+ 
428 
429 
430 
431 
432+??0013: 
433+ 
434+ 
435 
43'i+??('1(H4: 
437+ 
439 
RECVl: 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
RECV2: 


455 
RECV3: 


455 
457 
458 
459 
HECV4: 
460 
461 
462 
463 
464 
465 
RECV5: 


466 
467 
468+??0015: 
469+ 
470+ 
471 
472+??00H: 
473+ 
474+ 
475 
471> 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487+ 
488 
489 
490 
RECVo: 


MVI 
OU'f 
:IlVI 
OUT 
\'iAITO 


I~ 
ANI 
JZ 
.,VI 
OUT 
CLHA 
XRA 
OUT 
MVI 
OUT 
WAITX 
IN 
ANI 
JNZ 
WAITT 
I~ 
ANI 
IN 
MOV 
ANI 
JNZ 
.,OV 
ANI 
JZ 
IN 
STAX 
INX 
OCR 
JNZ 
MVI 
JMP 


MOV 
ANI 
In 
IN 
JMP 
I~ 
STAX 
INX 
OCR 
MVI 


MVI 
OUT 
WAITX 
IN 
ANI 
IN'l 
WAITT 
IN 
ANI 
JZ 


A,MLA 
OOUT 
A,AXRA+HOEND+EDEOS 
AUXMO 
;EOS 
or 
EOI 


INTI 
BOM 
??0012 
A,LON 
AORMD 


A 
AUXMO 
A,GTSB 
CMD92 


PRTF 
TCIF 
??0013 


PRTF 
TCIF 
INTI 
B,A 
ENOI~K 
RECV2 
A,8 
BIM 
RECVl 
OIN 
o 
D 
C 
RECVl 
fl,40H 
RECV5 


A,B 
BIM 
RECV4 
INTI 
RECV3 
OIN 
D 
o 
C 
B,0 


PRn' 
TCIF 
??0015 


PRTF 
TCIF 
??('1011> 


;Get 
IntI 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 
;Listen 
only 


;Immediate 
XEO 
paN 
;A 
XOR 
A 
=0 


;Wait 
for 
TCI=l 
;Get 
task 
complete 
int,etc. 
;Mask 
it 
;Get 
91 
Int 
status 
(END 
&(or 
BI) 


;Save 
it 
in 
8 
for 
8I 
check 
later 
;Check 
for 
EOS 
or 
EOI 
;Yes 
end--- 
go 
wait 
for 
BI 
;NO, 
retrieve 
status 
& 
;check 
for 
BI 
;NO, 
go 
wait 
for 
either 
END 
or 
BI 
;YES, 
BI--- 
get 
data 
;Store 
it 
in 
buffer 
;Increment 
buffer 
pointer 
;Decrement 
counter 
;If 
count 
< 
> 
0 
go 
back 
& 
wait 
;Else 
set 
error 
indicator 
;And 
go 
take 
control 


;Retreive 
status 
;Check 
for 
BI 
;If 
8I 
then 
go 
input 
data 
;Else 
wait 
for 
last 
BI 
;In 
loop 
;Get 
data 
hyte 


;Store 
it 
in 
buffer 
;Incr 
data 
pointer 
;Oecrement 
count, 
but 
ignore 
it 
;Set 
normal 
completion 
indicators 


;~"'ait 
for 
;Get 
task 
;Mask 
it 
;Wait 
for 


TCI=l 
complete 
int,etc. 


, 
;if 
timeout 
3 
is 
to 
be 
checked, 
the 
ahove 
WAITT 
should 


;be 
o~itted 
& 
the 
appropriate 
code 
to 
look 
for 
TCI 
or 


;TOUT3 
inserted 
here. 


MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
CLRA 
XRA 
OUT 
MOV 
RET 


A, AXRi\ 
AUX:>ID 
A,TON 
ADR"!D 
A,FNHSK 
AUXMD 


A 
AUXMD 
A,B 


, 
;This 
bit 
pattern 
;Output 
TON 


;Finish 
handshake 


;A 
XOR 
A 
=0 


;Immediate 
execute 
PaN-Reset 
LON 


;Get 
completion 
character 


- 
="""".- 
--"",,--=~-----. 
494 
495 
, 
49'i ;INPUTS: 
'1L device 
list 
pointer 
497 
, 
B 
EOS 
character 
498 
;OUTPUTS: 
None 
499 
;CALLS: 
None 
5~0 
;DESTROYS: 
A, 
'1L, F 
51iH ;RETURNS: 
A=0 
no rmal , A 
< > 
0 
bad 
ta 1 ke r 
5~2 
5~3 
5~4 
;NOTE: 
XFER 
will 
not 
work 
if 
the 
ta 1 ke r 
505 
uses 
EOI 
to 
terminate 
the 
transfer. 
506 
Intel 
will 
be 
making 
hardware 
507 
modifications 
to 
the 
8291 
that 
will 
508 
correct 
this 
problem. 
Until 
that 
time, 


51'l9 
only 
EOS 
may 
be 
used 
without 
possible 
51~ , 
loss 
0 f 
the 
last 
data 
byte 
transfered. 


511 
XFER: 
RANGE 
4I'lH,5E'1,XFER4 
;Check 
for 
valid 
ta 1 ke r 


512+ 
;Checks 
for 
value 
in 
ran'le 
513+ 
;branches 
to 
label 
if 
not 
514+ 
;in 
rang e. 
Fa lls 
through 
if 
515+ 
;lower 
<= 
( 
(H) (L) 
) 
<= 
upper. 
516+ 
;Get 
next 
byte. 


l13A 
7E 
517+ 
MOV 
A,M 


l13B 
FE40 
518+ 
CPI 
4~'1 


1131) 
FABBll 
519+ 
JM 
XFER4 


1141'l FE5F 
520+ 
CPI 
5,:'1+1 


1142 
F2BBll 
521+ 
,TP 
XFER4 


1145 
D350 
5/.2 
OUT 
DOUT 
;Send 
it 
to 
GPIB 


1147 
23 
523 
INX 
'1 
;Incr 
po in ter 
524 
"IAI'ro 


1148 
DBnl 
525+??0017: 
IN 
INTl 
;Get 
Int 1 
status 


114A 
E602 
526+ 
ANI 
BOM 
;Check 
for 
byte 
out 


114C 
CA4811 
527+ 
JZ 
??01'l17 
;If 
not, 
try 
again 


l14F 
3E3F 
528 
'~VI 
A. UNL 
;Universal 
unlisten 


1151 
D350 
529 
OUT 
DOUT 
53~ 
XFER1: 
RANGE 
2~'1,3E'1.XFER2 
;Check 
for 
valid 
listener 


531+ 
;Checks 
for 
value 
in 
range 


532+ 
;branches 
to 
label 
if 
not 
533+ 
;in 
range. 
Falls 
through 
if 
534+ 
;lower 
<= 
( 
(H) (L) 
) 
<= 
upner. 


535+ 
;Get 
next 
byte. 


1153 
7E 
536+ 
'~OV 
A.M 


1154 
FEU! 
537+ 
CPI 
2~'1 


1156 
FA6Cll 
538+ 
JM 
XFER2 
1159 
FE3F 
539+' 
CPI 
3E'1+l 


115B 
F25C11 
540+ 
JP 
XFER2 
541 
WAITO 


115E 
DB6l 
542+??1'l0l8: 
IN 
INTl 
;Get 
In t 1 
status 


116\! E602 
543+ 
ANI 
BOM 
;Check 
for 
byte 
out 


1162 
CA5E 
11 
544+ 
JZ 
??\!0l8 
;If 
not, 
try 
again 


1165 
7E 
545 
"lOV 
A,M 
;Get 
listener 


116n 
D3n\! 
546 
ou'r 
DOUT 


1168 
23 
547 
INX 
'1 
;Incr 
pointer 


1169 
C35311 
548 
JMP 
XF ERl 
;Loop 
until 
non-valid 
listener 


549 
XFER2: 
WAITO 


116C 
DB61 
550+??\!\!19: 
IN 
INTl 
;Get 
In tl 
status 


116E 
E602 
551+ 
ANI 
BOM 
;Check 
for 
byte 
out 


117~ 
CA6Cll 
552+ 
JZ 
??~~ 19 
;If 
not, 
try 
a"Jain 


1173 
3E87 
553 
'1VI 
A.AXRA+CAHCY+EDEOS 
;Invisible 
handshake 
1175 
D355 
554 
OUT 
AUX"1D 
;Continuous 
A'1 mode 


1177 
3E4~ 
555 
MVI 
A,LO'! 
;Listen 
only 


1179 
0364 
556 
OUT 
ADRr~D 


557 
CLRA 


1178 
AF 
558+ 
XRA 
A 
;A 
XOR 
A 
=0 


117C 
D365 
559 
ou'r 
AUX"1D 
;Immed. 
XEQ 
PON 


117E 
78 
560 
"lOV 
A,B 
;Get 
EOS 


117F 
0367 
561 
OUT 
EOSR 
;Output 
it 
to 
91 


1181 
3EF6 
562 
MVI 
A,GTSB 
;Go 
to 
stand 
by 


1183 
0359 
563 
OUT 
01092 


2·392 
AFN-ol38OA 


118S 
OB(,F 
1187 
E('~2 
1189 
C28511 


118C 
086F 
l18E 
E6~2 
1190 
CA8Cll 
1193 
OB6l 
1195 
E(,10 


1197 
CA9311 
119A 
3t:FO 
119C 
03<;9 


119E 
D8liF 
llA0 
;;;6~2 
llA2 
C29Ell 


llA5 
OB(,F 
llA7 
E6"2 
llA9 
CAA511 
llAC 
3E8~ 


llAE 
03fi5 
IlB~ 
3E~3 
llB2 
0355 
llB4 
3E80 
llB6 
03<)4 


llB8 
AF 
llB9 
03<;5 
llBB 
C9 


llC0 
7E 
llCl 
~'E20 
llC3 
FA09l1 


llC(, FEW 
llC8 
F 20911 


llC8 
0861 


llCO 
£502 
llCF 
CAC811 


1102 
7f: 


1103 
D36f,J 
1105 
23 
1106 
C3Cflll 


1109 
0861 
1108 
E"'12 
1100 
CA0911 


llE~ 
3E~R 
llE2 
035(1 


;IN PUTS: 
;OUTPUTS: 
;CAllS: 
;OESTHOYS: 


WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
AN I 
JZ 
IN 
AN I 
,JZ 
MVI 
OUT 
WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 


"'I VI 
OUT 
MVI 
OUT 
"1VI 
OUT 
ClRA 
XRA 
OUT 
RET 


PRTF 
TCU' 
77'Hl2~ 


PHTF 
TCIF 
770021 
INTI 
ENOr"K 
XFER3 
A,TCSY 
C''1092 


PRTF 
TCIF 
??0~2? 


PRTF 
TCU' 
??0n3 
A,AXRA 
AUX"10 
A,FNHSK 
AUX"10 
A,TON 
AOR;"O 


MVI 
OUT 
RANG!': 


MOV 
CPI 
JM 
CPI 
JP 
WAITO 


IN 


ANI 
JZ 
"10V 
OUT 
INX 
JMP 
Wf\ITO 
HI 
"N I 
.JZ 
·'!VI 
OCIT 
;,AITO 
IN 
ANI 


Hl 
listener 


None 
None 
A, 
Hl, 
F 


;Wait 
for 
TCS 
;Get 
task 
complete 
int,etc. 
;Mask 
it 
;Wait 
for 
task 
to 
be 
complete 
;Get 
ENO 
status 
bit 
;Mask 
it 


;Wait 
for 
;Get 
task 
;Mask 
it 
;Wait 
for 
;Not 
cant 


TCI 
complete 


554 
5<;5+770020: 
556+ 
567+ 
5<;8 
559+770021: 
570+ 
571+ 
572 
XFER3: 
573 
574 
575 
S76 
577 
578+770022: 
579+ 
5R0+ 
581 
S82+??0023: 
583+ 
584+ 
5B5 
58fi 
587 
,5R8 
589 
59~ 
591 
592+ 
593 
594 
XFn4: 


595 
596 
;.***********.**** 
•••••••••• *** ••••• 
********.** 
••••• 


597 
598 
599 
6>1>1 
(,01 
602 
('~3 
6>14 
605 
(,0(, 
607 
(,08 TRIG: 
6~9 
6HJ 
THIG1: 
611+ 
1)12+ 
(,13+ 
614+ 
615+ 
(,1(,+ 
617+ 
618+ 
619+ 
<;2>1+ 
(,21 
<;22+??~>l24: 
(,23+ 
(,24+ 
625 
(,2<; 


627 
62R 
(,29 TRIG2: 
(,3~+77~025: 
<;31+ 
fi32+ 
(,33 
634 
<;35 
63('+770~26: 
(,37+ 


;Normal 
return 
A=~ 


;A 
XOR 
.•• =>1 


;Immediate 
XEQ 
paN 


A, UNL 
, 


OOUT 
;Send 
universal 
unlisten 
2~H,3EH,TRIG2 
;Check 
for 
valin 
listen 
;Checks 
for 
value 
in 
range 


;branches 
to 
label 
if 
not 


;in 
range. 
Falls 
through 
if 


;lower 
(= 
( 
(Hl (ll 
1 
(= 
upper. 
;Get 
next 
byte. 


A,M 
20H 
TR IG 2 
3EH+l 
TRIG2 


INTl 
BOM 
770024 
A,M 
DOUT 
H 
T,UGI 


INTl 


AOM 
??~1125 
",GET 
DOUT 


;Wait 
for 
UNl 
to 
finish 
;Get 
Intl 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


;Get 
listener 


;Sen~ 
listener 
to 
GPIB 
;Incr. 
pointer 
;loop 
until 
non-valin 
char 
;Wait 
for 
last 
listen 
to 
finish 
;Get 
IntI 
st~tus 


;Check 
for 
byte 
out 
;If 
not, 
try 
again 
;Senn 
group 
execute 
trigger 


;to 
all 
adnressen 
listeners 


;Get 
Intl 
status 
;Check 
for 
byte 
out 


638+ 
639 
640 
, 
641 
i****************************************** 
642 
, 
643 
;OEVICE 
CLEAR 
ROUTINE 


-644 
645 
646 
647 
648 
649 
1i50 
651 
652 
OCLR: 


653 
654 
OCLRl: 


655+ 
656+ 
657+ 
658+ 


659+ 
660+ 
661+ 
662+ 
1i63+ 
664+ 
665 
666+??0027: 
667+ 
61)8+ 
669 
670 
671 
672 
673 
OCLR2: 
674+??0028: 
675+ 
676+ 
677 
678 
679 
681'1+??0029: 
681+ 
682+ 
683 
684 
, 
685 
i**************** 
•• ********************************* 


686 
687 
1i88 
689 
;INPUTS: 


690 
691 
692 
1i93 
694 
695 
SPOL: 
696 
697 
698+??0030: 
699+ 
700+ 
701 
702 
703 
704+??0031: 
705+ 
706+ 
707 
7"'8 
709 
710+??0032: 


;INPUTS: 
;OUTPUT: 
;CALLS: 
;OESTROYS: 


HL 
listener 
None 
None 
A, 
HL, 
F 


MVI 
OUT 
RANGE 


A,UNL 
OOUT 
20H,3EH,DCLR2 
;Checks 
for 
value 
in 
range 
;branches 
to 
label 
if 
not 
;in 
range. 
Falls 
through 
if 
;lower 
(= 
( 
(H) (L) 
) 
(= 
upper. 


;Get 
next 
byte. 


IlF0 
7E 
llFl 
FE20 
llF3 
FA0912 
llF6 
FE3F 


llF8 
F20912 


MOV 
CPI 
JM 
CPI 
JP 
WAITO 
IN 
ANI 
JZ 
MOV 
OU'r 
INX 
J,'lP 
WAlTa 
IN 
ANI 
JZ 
MVI 
OUT 
WAlTa 
IN 
ANI 
JZ 
RET 


A,M 
20H 
OCLR2 
3EH+l 
OCLR2 


llFB 
OB61 


llFD 
E602 
llFF 
CAFBII 


12112 
7E 
12113 0361l 
12115 
23 
12116 C3FIlll 


IN'rl 


BOM 
??1l'l27 
A,M 
OOUT 
H 
OCLRI 


;Get 
IntI 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


12119 OB61 
121lB 
E61l2 
121lD CAIl912 
1211l 
3EIl4 


1212 
D361l 


INTI 
BOM 
??1l028 
A,SOC 
DOUT 


;Get 
IntI 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 
;Send 
devi~e 
clear 
;To 
all 
addressed 
listeners 


1214 
DB61 
1216 
E61l2 


1218 
CA1412 
121B 
C9 


INTI 
BOM 
??0029 


;Get 
IntI 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


HL 
talker 
list 
pointer 
DE 
status 
buffer 
pointer 
Fills 
buffer 
pointed 
to 
by 
DE 
None 
A, 
BC, 
DE, 
HL, 
F 


;OUTPUTS: 
;CALLS: 
;DESTROYS: 


MVI 
OUT 
WAlTa 
IN 
ANI 
JZ 
MVI 
OUT 
WAITO 
IN 


ANI 
JZ 
MVI 
OUT 
WAlTa 
IN 


1221l OB61 
1222 
E602 
1224 
CA21l12 
1227 
3E21 


1229 
0361l 


INTI 
BOM 
??01l31l 
A,MLA 
OOUT 


;Get 
IntI 
status 
;Check 
for 
hyte 
out 
;If 
not, 
try 
again 
;My 
listen 
address 


122B 
OB51 


1220 
E61l2 


122F 
CA2B12 
1232 
3E18 
1234 
0361l 


INTI 
BOM 
??1l1l31 
A,SPE 
OOUT 


;Get 
IntI 
status 
;Check 
for 
byte 
out 


;If 
not, 
try 
again 
;Serial 
poll 
enable 
;To 
be 
formal 
about 
it 


714+ 
;Checks 
for 
value· in 
range 
715+ 
;branches 
to 
Ia"'el if not 
711l+ 
; in 
range. 
Falls 
through 
if 
717+ 
;lower 
(= 
( 
(H) (Ll 
) 
(= 
upper. 


718+ 
;Get 
next 
byte. 


1230 
7E 
719+ 
MOV 
1\,"1 
123E 
FE4~ 
720+ 
CPI 
40H 


1240 
FA9412 
721+ 
.11'1 
SPOL2 
1243 
FE5F 
722+ 
CPI 
5EH+l 


1245 
F294l2 
723+ 
JP 
SPOL2 
1248 
7E 
724 
,~OV 
A,M 
;Get 
talker 


1249 
0360 
725 
OUT 
OOUT 
;Sen-i to 
GPIB 
l24B 
23 
726 
INX 
H 
; Incr 
ta 1ke r list 
pointer 


l24C 
3E40 
727 
MVI 
A,LO\J 
;Listen 
only 
124E 
0364 
728 
OUT 
AORMO 
729 
WAlTa 
;Wait 
fo r talk 
a-idress 
to 
complete 
1250 
OB61 
730+??0~33: 
IN 
INTI 
;Get 
IntI 
status 
1252 
E502 
731+ 
A'll 
BO., 
;Check 
for 
byte 
out 


1254 
CA5012 
732+ 
JZ 
??0033 
;If not, 
try 
again 
733 
CLRI\ 
;Pattern 
for 
imme-iiate 
XEQ 
paN 
1257 
AF 
734+ 
XR." 
A 
;A 
XOR 
A 
=0 
1258 
0365 
735 
OUT 
AUXMD 
125." 3EF6 
736 
MVI 
A,GTSB 
;Goto 
standby 
125C 
D369 
737 
OUT 
CMD92 


738 
'NAITX 
;Wait 
for 
TCI 
false 


l25E 
OB6F 
739+??0334, 
IN 
PRTF 


1260 
E5l'12 
740+ 
ANI 
TCIF 


1262 
C25E12 
741+ 
JNZ 
??0034 


742 
\'iAITT 
;Wait 
fo r TCI 


1265 
OB6F 
743+??"'035, 
IN 
PRTf 
;Get 
task 
complete 
int,etc. 


121i7 E602 
744+ 
11'11 
TCIF 
:Mask 
it 


1209 
CA'i512 
745+ 
JZ 
??t1035 
;Wait 
for 
task 
to 
be 
complete 


746 
\'iAITI 
;l'ia 
it for 
sta tus 
hyte 
input 


l26C 
DBlil 
747+?7"035, 
1"1 
INTI 
;Get 
I"iTl status 


12liE 47 
748+ 
MOV 
B,A 
;Save 
status 
in 
8 
l2liF E61l1 
749+ 
ANI 
81M 
;Check 
for 
byte 
in 


1271 
CA6C12 
751'+ 
JZ 
??00315 
;If 
n().t, 
just 
try 
again 


1274 
3EFD 
751 
MVI 
A,TCSY 
;Take 
control 
sync 
12715 D3'59 
752 
OUT 
CMD92 
753 
\'iAITX 
iWait 
fa r TCI 
fa 1se 


1278 
DBIiF 
754+??(l'~37, 
IN 
PRTF 


127A 
E602 
755+ 
A'll 
TCIF 


127C 
C27812 
756+ 
JNZ 
??0037 
757 
WAI1"r 
;Wait 
fa r TCI 


127f' D8liF 
758+??0~38: 
IN 
PRTf 
;Get 
task 
complete 
int,etc. 


1281 
E602 
759+ 
ANI 
TCIF 
;Mask 
it 
1283 
CA7F12 
760+ 
.1Z 
??0t138 
;Wait 
fa r task 
to 
be 
complete 
1286 
0860 
761 
IN 
DIN 
;Get 
ser ia 1 poll 
sta tus 
byte 


1288 
12 
762 
STAX 
D 
;Sto re 
it 
in 
buffer 


1289 
13 
763 
INX 
D 
;Incr 
pointer 


128A 
3E80 
764 
MVI 
A,TON 
;Talk 
onl y 
for 
controller 


128C 
D31;4 
765 
OUT 
ADRMO 


71lt; 
CLRA 
l28E 
AF 
767+ 
XR." 
A 
;A 
XOR " 


=(\ 


lZ8F 
D365 
768 
OUT 
AUXMD 
;Immed ita te 
X£Q 
PON 


71i9 
;CLR 
LA 


1291 
C330l2 
770 
JMP 
SPaLl 
;Go 
on 
to 
next 
dev ice 
on 
list 


771 


1294 
3E19 
772 
SPOL2, 
MVI 
A, SPD 
;Serial 
poll 
disable 


1296 
D360 
773 
OUT 
DOUT 
iWe 
know 
BO 
was 
set 
(t'iAITOabove) 


774 
WAI'rO 
1298 
DB6l 
775+??""39: 
IN 
INTI 
iGet 
IntI 
status 


129A 
E602 
776+ 
ANI 
BOr~ 
;Check 
for 
byte 
out 


l29C 
CA9812 
777+ 
JZ 
??0~39 
;If 
not, 
try 
again 
778 
CLR." 


l29F 
AF 
779+ 
XRA 
" 


;A 
XOR 
A 
=" 
l2A0 
D355 
780 
OUT 
AUX ..,D 
;Immediate 
XEQ 
paN 
to 
clear 
LII 
12112 C9 
781 
RET 
782 
783 
*****.**.*.**********************.************* 
••• * •• 
784 


2·395 
AFN-Ol38OA 


APPLICATIONS 


785 
PARALLEL 
POLL 
ENAB LE 
ROUTINE 
781) 
787 
;INpUTs: 
HL 
listener 
list 
pointer 


788 
DE 
confi'1uration 
byte 
pointer 


789 
;OUTPUTs: 
None 


790 
;CALLS: 
None 
791 
;DESTROYS: 
A, 
DE, 
HL, 
F 


792 
793 
12A3 
3E 3F 
794 
PPEN: 
MVI 
A,UNL 
;Universa1 
un1isten 


12A5 
D360 
795 
OUT 
DOU'r 


796 
pPEN1: 
RANGE 
20H,3EH,PPEN2 
;Check 
for 
valid 
listener 
797+ 
;Checks 
for 
value 
in 
rang e 


798+ 
;branches 
to 
label 
if not 


799+ 
;in 
ran'le. Falls 
throu'1h 
if 


800+ 
:lower 
<= 
( 
(H) (L) 
) 
<= 
upper. 


8111+ 
;Get 
next 
byte. 
12A7 
7F; 
8(12+ 
MOV 
A,M 
12118 FE20 
803+ 
CPI 
20H 
12AA 
FAD812 
804+ 
J'I 
PPEN2 
12AD 
FE3F 
805+ 
CPI 
3EH+1 


12AF 
F2D812 
8011+ 
Jp 
ppEN2 
807 
'IAITO 
;Valici wa it 91 
ciata out 
reg 
12B2 
DB61 
81l8+??0"4~J: 
IN 
INTI 
;Get 
IntI 
-status 


1264 
E602 
809+ 
Alii 
I 
ROM 
;Check 
for 
byte 
out 


1286 
CAB212 
81"+ 
.JZ 
77004C1 
;If 
not, 
try 
again 


1289 
7E 
811 
MOV 
A,M 
:Get 
listener 


128A 
D31)(l 
812 
OUT 
DOUT 


813 
''"''AlTO 


12BC 
0861 
814+7701-l41: 
IN 
INTI 
:Get 
IntI 
status 
128E 
E'l02 
815+ 
Alii 
I 
80M 
;Check 
for 
byte 
out 


12CO 
CABC12 
8lfi+ 
JZ 
770041 
;If 
not, 
try 
again 


12C3 
3E05 
817 
,~VI 
A,PpC 
;Pa rall el 
poll 
configure 


12C5 
031)0 
818 
OUT 
DOUT 


819 
WAITO 
12C7 
D861 
820+770042: 
IN 
INTI 
:Get 
IntI 
status 
12C9 
E'l1J2 
821+ 
Alii 
I 
80M 
;Check 
for 
byte 
out 


12C8 
CAC712 
822+ 
.JZ 
77'1042 
;If 
not, 
try 
again 


12CE 
Ill. 
823 
LDAX 
D 
;Get 
matchin'l 
confi'1uration 
byte 
12CF 
F61i\l 
824 
()IU 
PpE 
;!'1ergewith 
parallel 
poll 
enable 
12Dl 
0360 
825 
OUT 
DOUT 


1203 
23 
821i 
INX 
H 
; Incr 
pointers 


12D4 
13 
827 
INX 
() 


1205 
C 3/\712 
828 
JMp 
PPF;Nl 
;Loop 
until 
invaliil 
listener 
char 
829 
PPEN2: 
\'IAITO 
12D8 
DR'll 
830+770~43: 
IN 
INTI 
:Get 
In tl 
status 
12D.'>.E'l02 
831+ 
ANI 
80"1 
;Check 
for 
byte 
out 


12DC 
CAD812 
832+ 
.JZ 
7701143 
;If 
not, 
try 
a'lain 


12DF 
C9 
833 
RET 


1134 
835 
;pAR!\LLEL 
POLL 
DISABLE 
ROUTINE 
836 
837 
;INPUTS: 
HL 
listener 
1 ist 
pointer 


838 
;OUTPUTS: 
!'fane 


839 
;CALLs: 
None 


840 
;DEsTROYS: 
A, 
HL, 
F 
841 


DEll 
3E3F 
842 
pPDs: 
,~VI 
A,V'lL 
:Universal 
unlisten 


1282 
035" 
843 
OUT 
OOUT 


844 
1'1'051: 'RANGE 
20H,3t':H,ppDS2 
;Check 
for 
valid 
listener 


845+ 
;Checks 
for 
value 
in 
ran'1e 


84"+ 
;branches 
to 
lahel 
if not 


847+ 
;in 
ran'le. Fi'lllsthrouqh 
i f 
848+ 
:lower 
<= 
( 
(H) IL) 
) 
<= 
upper. 
849+ 
:Get 
next 
byte. 


12E4 
7E 
850+ 
MOV 
A,M 
12E5 
FE20 
851+ 
CpI 
20H 
121'7 FAFD12 
852+ 
J,.., 
1'1'052 
12E/\ FE3F 
853+ 
CPI 
3EH+l 


12F;C F2FD12 
854+ 
.11' 
PpDS2 
855 
WAITO 
12EF 
08111 
850+770044: 
IN 
INTI 
;Get 
Intl 
status 


12Fl 
EI102 
857+ 
ANI 
80,.., 
;Check 
for 
byte 
out 


12F3 
CAEF12 
858+ 
.JZ 
770044 
;If 
not, 
try 
aqain 


2·396 
AFN-<l13S0A 


12FIi 
7E 
12F7 
D350 
12F9 
23 
12FA 
C3E412 


12FD 
D8lil 
12r'F 
Er,~2 
1301 
CAFD12 
13"4 
3 E05 
1305 
D350 


1308 
D861 
130A 
E602 
130C 
CA0813 
130F 
3E70 
1311 
D31)0 


1313 
D8lil 


1315 
E602 
1317 
CA1313 
131A 
C9 


131F 
D861 
1321 
E602 
1323 
CAIF13 


1321i C9 


13213 AF 
132C 
D365 
132<: 
3EF5 
1330 
D369 


1332 
D861 


1334 
47 
1335 
E6!!1 


1337 
CA3213 
133A 
3E80 
133C 
D364 


133E 
AF 
133F 
D355 
1341 
D81)0 
1343 
C9 


;INPU'rS: 
;OUTPUTS: 
;CALLS: 
;DESTHOYS: 


;INPUTS: 
;OUTPUTS: 
;CALLS: 
;DESTROYS: 
;RETURNS: 


I~OV 
OUT 
INX 
J'~P 
WAITO 
IN 


ANI 
,JZ 
'~VI 
OUT 
\"iAITO 


IN 


ANI 
JZ 
MVI 
OUT 
WAITO 
IN 


·ANI 
JZ 
RET 


A,M 
DOUT 
H 
PPDSI 


IN'rl 
80'~ 
??0A4S 
A,PPC 
DOUT 


INTI 
801~ 
??0041i 
II,PPO 
OOUT 


INTI 
80M 
??0047 


;Incr 
pointer 
;Loop 
until 
invalid 
listener 


;Get 
IntI 
stiltus 
;Check 
for 
hyte 
out 


;If 
not, 
try 
again 


;Parallel 
poll 
configure 


;Get 
IntI 
status 


;Check 
for 
hyte 
out 


;If 
not, 
try 
aqain 
;Parallel 
poll 
disable 


;Get 
IntI 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
aqain 


!~VI 
OUT 
WAITO 


IN 
ANI 
JZ 
RET 


MVI 
OUT 
CLRA 
XRA 
OUT 
I~VI 
OUT 
WAITI 
IN 


MOV 
ANI 
JZ 
I~VI 
OUT 
CLRA 
XRA 
OUT 
IN 
RET 


None 
None 
None 
A, 
F 


INTI 
BOM 
??0048 


None 
None 
None 
A, 
B, 
F 
A= 
parAllel 


A 
AUXMO 
A,EXPP 
CMD92 


INTI 
B,A 
BIM 
??0049 
A,TON 
ADR"IO 


A 
AUX"IO 
OIN 


;Get 
IntI 
stiltus 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


;Immediate 
XEO 
PON 


;A 
XOR 
A 
=0 


;Reset 
TO>i 


;Execute 
parallel 


859 
860 
861 
852 
8fi3 PPDS2: 
8'i4+??0~45: 
865+ 
86fi+ 
8'i7 
868 
859 
870+??0046: 
871+ 
872+ 
873 
874 
875 
871i+??0047: 
877+ 
878+ 


879 
880 
881 
882 
883 
884 
885 
885 
887 
888 
889 
PPUN: 


890 
891 
892+??0048: 
893+ 
894+ 
895 
895 
, 


897 
;************************************************** 


898 
899 
;CONDUCT 
A 
PARALLEL 
POLL 


900 
901 
902 
903 
904 
905 
901i 
907 
908 
PPOL: 


909 
910 
911+ 
912 
913 
914 
915 
911i+??0049: 
917+ 
918+ 
919+ 
920 
921 
922 
923+ 
924 
925 
921i 
927 
• 


928 
;********************************************** 


929 
;PASS 
CONTROL 
ROUTINE 


930 
931 
932 


;Wait 
for 
completion= 
Alan 
91 


;Get 
INTI 
stiltus 
;Save 
status 
in 
8 


;Check 
for 
byte 
in 
;If 
not, 
just 
try 
aqain 
;Talk 
only 


;Imme<liilte 
XEQ 


; A 
XOR 
A 
=0 


;Reset 
LON 


;Get 
PP 
byte 


1344 
7E 


1345 
fE4" 
1347 
FA8A13 
134A 
FE5F 


134C 
F28A13 
134F 
FE41 
1351 
CA8A13 
1354 
D31\" 


1356 
DB61 


1358 
EGC ~ 
135A 
CA5513 
135D 
3E"9 
135F 
D3 Ii" 


1361 
DB61 


1303 
E6(12 


13li5 CA6113 
1368 
3£"1 


136A 
D31i4 


13'iC AF 
136D 
D365 
136F 
3E01 


1371 
D351i 
1373 
3EA1 


1375 
D31\5 


1376 
DB'iF 


137D 
E602 


137F 
C27613 


1382 
D86F 


1394 
Efi(l2 
1385 
CA8213 
1389 
23 
138A 
C9 


1386 
D851 


139D 
Eli80 
138F 
CIICFl3 
1392 
OB65 
1394 
FE(l9 


;INPUTS: 
;OUTPUTS: 
;CALLS: 
;TJF:STROYS: 
;RETURNS: 


None 
A, 
HL, 
F 
40H,5EH,PCTL1 
;Is 
it 
a 
valid 
talker? 


;Checks 
for 
value 
in 
ran~e 
;branches 
to 
1a~e1 
if 
not 


;in 
range. 
Falls 
through 
if 


; lower 
(= 
( 
(H) (L) 
) 
(= 
upper. 
;Get 
next 
byte. 


A,M 
4(1H 
PCTL1 
5EH+1 
PCTL1 
MTA 
PCTL1 
DOUT 


INTI 
BOM 
??"05\1 
A,TCT 
DOUT 


I'ITl 
80M 
??0 3 51 
A,MODE1 
ADRMD 


PRTF 
TCIF 
??0352 


PRTF 
TCIF 
??0053 
H 


;Is 
it 
my 
talker 
ad~ress 


;Yes, 
just 
return 
;Senn 
on 
GPIB 


;Get 
IntI 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
a1ain 
;Take 
control 
messaqe 


;Get 
Intl 
status 


;Check 
for 
hyte 
out 
;If 
not, 
try 
again 
;Not 
talk 
only 
or 
listen 
only 


;Enab1e 
91 
annress 
mone 
1 


;Wait 
for 
;Get 
task 
;Mask 
it 
;Wait 
for 


TCI 
complete 
int,etc. 


933 
;CALLS: 
934 
;DESTROYS: 
935 
PCTL: 
RANGE 
936+ 
937+ 
938+ 
939+ 
94 ''1+ 
941+ 
942+ 
943+ 
944+ 
945+ 
946 
947 
94A 
949 
950+??0~ 
50: 
951+ 
952+ 
953 
954 
955 
95 6+??00 
51: 


957+ 
958+ 
959 
%0 
951 
9<;2+ 
953 
904 
965 
9h'i 
9"7 
91i8 
9~9 
97(1 
971 
972+71"052 
: 


973+ 
974+ 
975 
97r,+??0053 
: 


977+ 
978+ 
979 
930 
PCTLl: 


981 
982 
, 
983 
;***************************************** 


984 
985 
;RECEIVE 
CONTROL 
ROUTINF. 
986 
9A7 
988 
989 
990 
991 
992 
993 
;NOTE: 


994 
995 
99'i 
997 
998 
999 


10(10 
1001 
RCTL: 


H'02 
11'''3 
1004 
1'1(15 


MOV 
CPI 
J,'1 
CPI 
JP 
CPI 
JZ 
OUT 
WAITO 


IN 
A'll 
JZ 
'1VI 
OUT 
WAITO 


IN 


ANI 
JZ 
'1VI 
OUT 
CLRA 
XRII 
A 
;A 
XOR 
A 
=(1 
OUT 
IIUXMD 
;Immediate 
XEQ 
PON 
'1VI 
A,MDA 
;My 
device 
adnress 
OUT 
ADR(ll 
;enab1en 
to 
talk 
and 
listen 
MVI 
A,AXR8+CPTE'I 
;Command 
pass 
thru 
enable 
OUT 
AUXMD 
;**~**·*optional 
PP 
configuration 
qoes 
here-**----- 
MVI 
A,GIDL 
;92 
go 
idle 
command 
OU'f 
CMD92 


\.AITX 
IN 
ANI 
JNZ 
'.AITT 
IN 
ANI 
JZ 
INX 
RF.T 


None 
None 
None 
A, 
f' 


0= 
inval 
id 
(not 
tilke control 
to 
us 
or 
CPT 
hi t 
not 
on) 
( 
> 
(I = 
valid 
tilke contro1-- 
92 
will 
now 
be 
in 
control 


THIS 
CODE 
MUST 
BE 
TIG~TLY 
INTEGRATED 
INTO 
A~Y 
USER 
SOFTWARE 
THAT 
FUNCTIONS 
~ITH 
THF. 8291 
AS 
II DEVICF.. 
'10RMALLY 
SOME 
ADVANCE 
WARNING 
OF 
IMPENDI"IG 
PASS 
CONTROL 
SHOULD 
BE 
GIVEN 
TO 
US 
BY 
fAE 
CONTROLLER 
WITH 
OTHER 
USEFUL 
INFO. 
THIS 
PROTOCOL 
IS 
SITUATION 
SPECIFIC 
AND 
WILL 
NOT 
BE 
COVERED 
HERE. 


IN'rl 
CPT 
RCTL2 
CPTRG 
TCT 


;Get 
INTI 
re'l (Le. 
CPT 
etc.) 


;Is 
command 
pilSS thru 
on 
? 


iNo, 
invalid-- 
qo 
return 


;Get 
cOfT1mand 


;15 
it 
take 
control? 


13A~ 
3En0 
13A7. D3r,C, 
13.'\431::8~ 
13M; 
1)3 C,4 


13.'18 A" 
13.'19 
D3r,1 


DAB 
D3C,2 
13AD 
D3fi5 
13M' 
3EFA 
1381 
D3C,9 
1383 
3E(,,"' 
13R5 
D3C,5 


13B7 
DBC,F 
1389 
1::502 
13B8 
C2B713 


Dell:: 
DBfiF 
13C0 
EGn 
13C2 
CABE13 
13C5 
3E09 
13C7 
C 3CF 13 
13CA 
3E0F 
13eC 
D365 


13lJO 08G9 
1302 
1::520 
13D4 
CAE213 
13D7 
"fi'~B 
13D9 
D3C,9 
lJDB 
DBn9 
13DD 
Enil2 
13DF 
CADB 13 
13,:2 C9 


13E7 
DBhF 
13E9 
EC,~j2 
13E8 
C2E713 


13EE 
DB6F 
13r'VI1::C,~2 
13"2 
CAEE13 


;I'!PUTS: 
;OUTPU'fS: 
;C.l\LLS: 
;HETURNS: 


;IN PUTS: 
;OUTPUTS: 
;CALLS: 
;DESTROYS: 


IN 
ANI 
,JZ 
a'll 
OUT 
IN 
ANI 
JZ 
HET 


MVI 
OUT 
',~AITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 


a. "ral ." •.•• 
"fII'I\. 
•.• 
" 


A,DTDLI 
;Disahle 
talker 


ADR01 
A,TON 
ADR"'1D 


PRT" 
TCIF 
??~054 


PRTF 
TCIF 
??IH55 
A,TCT 
RCTL2 
A, VSC,"!D 
AUX"1D 


None 
None 
None 
A; 
~ no 


A 
< 
> 
0 


INTST 
SRQBT 
SflQD2 
lACK 
CMD92 
INTST 
IRFRT 
SRQDl 


None 
None 
NO,"E 
A, 
F 


PRTF 
TCIF 
??0~5<; 


PRTF 
TCIF 
??(\(l57 


; A 
XOH A 
;0 


;Mask 
off 
INT 
hits 


;\~ait for 
TCI 


;Get 
task 
complete 
int,etc. 
;Mask 
it 
;Wait 
for 
task 
to 
he 
complete 


;Valid 
return 
pattern 


;Only 
one 
return 
per 
routine 


;Ackno'N1ed'le CPT 


;Get 
97.'s I'ITHQ status 
;"1ask off 
SRQ 


;Not 
set--- 
go 
return 


;Set--- 
must 
clear 
it 


MVI 
OUT 
MVI 
OUT 
CLRA 
XRA 
A 
O~JT 
INTI 


OUT 
INT2 
OUT 
.'lUXi'll) 
MVI 
II,TCNTt, 
aUT 
CMD97. 
MVI 
A, VSC,"!D 


OUT 
AIJXMD 


;******** 
optional 
TOUTI 


',~AITX 
IN 
ANI 
JNZ 
'NIlITT 
IN 
11.'11 
JZ 
:"IVI 
.PIP 
RCTLl: 
MVI 
OUT 
CLRA 
XR.l\ 
RET 


UH0 
1011 
1012 
1011 
1014 
1015+ 
IIHfi 
1017 
H118 
1019 
10n 
lCl21 
1Vl22 
1023 
H124 
1025+??0Cl54 : 
1026+ 
1027+ 
1028 
1029+??0~55: 
1030+ 
1031+ 
1032 
1033 
1034 
1035 
H13n 
1037+ 
1038 
RCTL2: 
1039 
1~40 i************************************************* 
lCl41 
lCl42 
1 ",13 
1044 
Hl45 
Hl4fi 
1047 
1048 
1049 
III 5~l 
11151 S!{QD: 
1052 
1053 
1054 
1055 
lCl5G SRQOl: 
1057 
H'58 
1~59 
SRQD2: 


l~r;'(i 
, 
1061 
;*.**********************************~****.** 
lCl'i2 
10C,3 ;RE"10TE ENABLE 
ROUTINE 


1 064 
1(\C,5 
10<;fi 
Hlfi7 
10n8 
11l'i 9 
1070 
REME: 


1071 
1072 
IfJ73+??01l5C,: 
1074+ 
1075+ 
H176 
H177+??0\l57: 
1"78+ 
IIH9+ 


;Get 
IBF 
;Mask 
it 
;Wait 
if 
not 
set 


;~"rtit 
for 
;Get 
task 


;Mask 
it 
;Wait 
for 


13F6 
3EF7 


13F8 
0359 


13r'A DB6F 
13FC 
E6212 
un; C2r'A13 


1401 OB6F 
1403 
E602 
1405 CM 
114 
1408 C9 


1409 
31',,9 
1401:103'i9 


140D 
DA'iF 
140F 
E'i1l2 
1411 C2(1D14 


1414 OB6F 
1415 
E6\!2 
1418 CA1414 


108" 
H181 
, 


le82 
;****************************************** 
10A3 
, 


10A4 
;LOCAL 
ROUTINE 


1085 
11186 
1087 
;INPU'I'S: 


108A 
;OU'fPUTS: 
HI89 
;CALLS: 


lll9" ;DESTROYS: 
H191 
, 
1092 
LOCL: 
1093 
lll94 
1095+??0058: 
1096+ 
lC'J97+ 
1"98 
1099+??(1059: 
1100+ 
1101+ 
111'2 
11ID 
, 
11~4 
i******************·*************************** 
1105 
, 
1105 
;INTERFACE 
CLEAR I 
ABORT 
ROUTINE 


1107 
110A 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
IFCL: 
MVI 


1116 
OUT 


1117 
~AITX 
1118+??0050: 
IN 
PRTF 


1119+ 
ANI 
TCIF 
1120+ 
JNZ 
??006~ 
1121 
WAITT 
;~ait 
for TCI 


1122+??ll061: IN 
PRTF 
;Get 
task 
complete 
int,etc. 
1123+ 
ANI 
TCIF 
;Mask 
it 


1124+ 
JZ 
??(l(J5l ;Wait 
for 
task 
to be complete 
1125 
;Delete 
both 
~AITX 
& WAITT 
if this 
routine 
1125 
;is to be called 
while 
the 
8292 
is 
117.7 ;Controller-in-Char~e. 
If not 
C.I.C. 
then 


112A 
;'rCI is set, 
else 
nothinq 
is set 
(IFC is sent) 
1129 
;and 
the WAIT'S 
will 
hanq 
forever 
113!l 
HET 
1132 


.,VI 
OUT 
,l/lIITX 
IN 
ANI 
JNZ 
'dAITT 
IN 
ANI 
JZ 
RET 


;INPUTS: 
;OUTPIJTS: 
;CALLS: 
;DESTHOYS: 


None 
None 
None 
A, 
F 


PHTF 
TCIF 
77005R 


PRTF 
TCIF 
??0059 


;Wait 
for 
;Get 
task 


;Mask 
it 
;Wait 
for 


TCI 
complete 


None 
None 
None 
A, 
F 


;Send 
IFC 


;Wait 
for TCI 
=(J 


0032 
~~31 
~051 
0000 
~0:JA 
1l0FF 
~~41l 


141C 
4[;5531411 
1420 
52333748 


1424 
48414032 


1428 
5h4F 


142A 
00 
~0"F 
1428 
50463447 


142F 
3754 
000h 
1431 
31 
1432 
FF 
1433 
32 
1434 
FF 
1435 
51 


1431) FF 


1437 
~h00 
1439 0E0F 
1438 
111C14 
143E 
213314 
1441 COIC10 


1444 
0<;54 
144h 
~E0h 
1448 
112a14 
144B 
213114 
144E COIC10 


1457 
IHHl3C 
145A 
213514 


1450 COIC12 
1460 
IB 
14hl 
lA 
14h2 
Eh40 
1464 CA7714 


14(,7 "'60A 
1459 
(lE11 
14613 213514 
14hE 
11013C 
1471 C09F10 
1474 C27714 


3C00 
3C00 
"'~11 


1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 


, 
FGO:>lL 
FCDNL 
FCDNT 
CR 
Lj,' 


LEND 
SRQM 


1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 
11hl 
1162 
11"3 
111;4 
111)5 
11hh 
11h7 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1171) 
1177 
117fl 
11 79 
1180 
1181 
1182 
1183 
1184 
1185 
11A<; 
1187 
118A 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
1195 
1197 


• 2' 
, 1 • 


'Q' 
(lOti 
0AH 
0FFH 
40H 


;Func 
gen 
device 
nurn "2" ASCII,lstn 
;Freq 
ctr 
device 
nurn "I" ASCII,lstn 
;Freq 
ctr 
talk address 
;ASCII 
carriaqe 
return 
;ASCII 
line 
feed 
;List 
end 
for Talk/Listen 
lists 


;Bit 
indicating 
device 
sent 
S~O 


h 
FCONL, LEND 


;Buffer 
length 


;Listen 
list 
for 
freq ctr 


;SETUP 
FUNCTION 
MVI 
..,VI 
LXI 
LXI 
CALL 


GENE~.l\TOR 
B,CR 
;EOS 
C, LIMI 
;Count 


0,FGDATA 
H,LL2 
;Listen 


SEND 


;Data 
pointer 
list 
pointer 


.,VI 
MVI 
LXI 
LXI 
CALL 


B, 'T' 
;1105 
C,LIM2 
;Count" 
D,FCOATA 
H,LLI 
;Listen 


Sf.ND 


;Oa ta po in ter 
list 
pointer 


LXI 
LXI 
CALL 
DCX 
LOAX 
AN I 
JZ 


O,SPBYTE 
H,TLI 
SPOL 
o 
o 
SRQM 
f.RROR 


;Buffer 
pointer 
;Talk 
list 
pointer 


;Backuo 
huffer 
pointer 
to ctr 
hyte 
;Get status 
hyte 
;Oid 
ctr assert 
SRQ 
? 


;Ctr 
should 
have 
sai~ 
yes 


MVI 
.,VI 
LXI 
LXI 
CIILL 
JNZ 


13, LF 
; ,:05 
C,LI") 
;Count 


H,TLI 
;Talk 
list 
pointer 


O,FCOIITI 
;Oata 
in huffer 
pointer 


RECV 
ERROR 


OHG 
SPBYTE: 
LII'\3 


NOP 
ETC. 
3C(l01i 
OS 


EOU 


;Location 
for ser ial poll 
byte 


;Max 
freq counter 
input 


APPLICATIONS 


3C01 
1198 
FCDA'l'I: 
OS 
LIM3 
;Freq 
ctr 
input 
buffer 
1199 
EIIlO 


PUBLIC 
SYMBOLS 


EXTER"IAL 
SYi~1l0LS 


us ~:f{ snHOLS 
I\HOHT 
A 
~H1F9 
ADHAI 
A 
"t1C;C; 
I\D~"'D 
A 
A~~4 
AO~ST 
A 
A'1"4 
AtlX"'D 
A A"~C; 
.~XRA 
~ "A81~ 
AXt'tB 
A 
AAAPJ 
8I~ 
A 
~0~1 
KOF 
A 
~P1~1 
BO'" 
,A~~2 
BUSST 
A 
GHp;R 
CAKCY 
A 
A~ln 
CLKRT 
A 
qA7) 
CL~A 
+ 
~A~7 
ClH.ST 
A 
~01}~ 
C/lolO92 
A ",,1;9 
CPT 
, AA~q 
CPTEN 
A A~lAl 
CPTRG 
A 
(H''';') 
CR 
A "~'lf) 
DCL 
A 
A~14 
OCL~ 
A 
118C 
DeLRl 
A 
11f"~ 
DCL~2 
A 
12q9 
01" 
A 
0~t;~ 
DOUT 
A 
91~t;~ 
OTOLl 
A 
"'1"':;(1 
OTOL2 
A 
0~80 
t::Dt:OS 
A 
!HHJt1 
t;NU'''K 
A ",en" 
8015 
, ~~~R 
EorST 
A 
!H'7.'" 
WSq 
A 
AO-;7 
ERFLG 
A 
~(i!t;A 
EHR·'" 
,~~~B 


,":i~ROI~ A 
1477 
EVdIT 
A n:un 
I-:VCST 
A n~IlFl 
f:VREG 
A 
CHHiQ 
EXPP 
A 
~0f'5 
FCOATA 
.~ 1112~ 
FCOATI 
A 
3C~1 
FCI1NL 
A 
9031 
FCDN r 
A 
~ij51 
FGD.l\TA 
A 
l'lC 
fGf)~L 
A 
fiR3? 
FNHSK 
A 
(,\1"911 
GET 
A ~?I!l8 
GIOL 
A 
0AFl 


GSoC 
A 
{l~F4 
G1'S~ 
A 
0~F~ 
HOE~D 
A 
AA'12 
~O~S~ 
A 
0~~1 
lACK 
A Aq~B 
IBFBT 
A 
~~~? 
IBFF 
A 
0q10 


IFCL 
A 
1409 
INIT 
A 
100~ 
I~Tl 
A ",,1;1 
1"1'2 
A 
0A'2 
I lilT:" , ~~A0 
1"1''''1 
A '~:l'i1 
INTMR 
A 
ij~~8 


I "TST 
A 
q~~9 
LA 
A 
01HH 
LEND 
A 
0AFF 
LF 
A 
BPlAA 
LI"'l 
A 
0A~F 
LI,~2 
A (HH'~ 
LIM3 
A 
~~11 


LLl 
A 
1431 
LL2 
A 
1433 
LOCL 
A 
13,'~ 
L0~ 
A 
(lj"'4A 
LOOP 
., 
1..1t,l 
MDA 
., ~H1Al 
"",LA 
A 
~~?1 


"'1tH>f.l 
A 
(HWI 
"'TA 
A 
~~41 
lIJVCII10 
A 
PlA"7 
OHFF 
A ~A~R 
PCTL 
A 
13' 
, 
PCTLI , 138A 
PPC 
A 
q~A5 


PPO 
A 
0~7~ 
PPDS 
A 
12r:~ 
PP~Sl 
A 
12E' 
PPDS2 
A 
l?FO 
PPE' 
A 
\otPlC:;~ 
PPE~ 
A 
1 ?A3 
PPENI 
A 
12A7 
PP!::N2 
A 
1208 
PPOL 
A 
1327 
PPU 
A 
~AlS 
PPUN 
A 
131B 
PRT91 
A 
~Hll')~ 
Pln9? 
A 
(iAl;q 
PRT,' 
A "'1'iF 
HA!'lGE:: 
+ 
t"~H' 5 
H~ST 
A 
00E7 
RCST 
A 
"OE~ 
~CTL 
A 
13qa 
R(;"LI 
A 
DCA 
RC'rL2 
A 
13CF 
RECV 
A 
lA9F 
RECVl 
A 
19£A 
RECV2 
A 
IlAS 
RECV3 
.~ 11 n~ 
RECVIt 
A 
IlIA 
Hf.CVC; 
., 
IlP 
RECV5 
A 
1139 
RF:l"lE 
A 
13E3 


HEHf 
A 
ME4 
REHM 
A 
O~E:A 
"EVC 
A 
A~E3 
Rr~.., 
A ~AE5 
QS!=:T 
A 
~"F2 
RSTI 
A 
0AF3 
RTOUT 
A 
0~E9 
sm:OI 
A 
000~ 
SEND 
A 
I~IC 
SE!\IDI 
A 
lA2E 
SE"D2 
A 
IA47 
SEN03 
A 
H~:;q 
Sf,N04 , 1~7~ 
Sf-NOS 
A 
lA7F 


5 EI'oJD6 
A 
IA88 
SET~"' 
+ 
;.t~O:1 
SLOC 
., UAf7 
SPt3Y'f~ 
A 
3eAn 
5PCNI 
A 
(l~FA 
spn 
A 
~A19 
SPE 
A 
AA18 
SPIF 
A """4 
SPOL 
A 
121C 
SPOLI 
A 
1210 
SPOL? 
A 
l?94 
S9E'" 
A 
OAFS 
S908T 
A 
~A?" 
SRQQ 
A 
1300 
StlQO) 
A 
130B 
SRQD2 
.~ 13E2 
S~OM 
A 
~040 
STCNI 
A 
AAFE 
TA 
A 
~(4~2 
·rc,sy 
A 
~~FC 
'l'elF 
A 
~AA2 


reNTH 
A 
~OFI\ 
TCSY 
A 
0AFn 
'rCT 
A 
~~A9 
'I'Ll 
A 
1435 
TLO" 
A q~C~ 
'fO"" 
A 
A:;,qU 
TOREG 
A 
Aor;B 


TOS1' 
A 
"0~8 
TOUT! 
A 
AAAI 
TO!.JT2 
A 
AAA2 
'rouT) 
~ "n~4 
TRIG 
A 
IlBC 
T~IGI 
A 
IleA 
TRIG2 
A 
Il09 


U~L 
A 
A03F 
VSC,"D 
A 
"OOF 
WAITI 
+ 
nO~2 
'NAITO 
+ 
n~nI 
Wl\ITT 
+ 
H~~4 
WI\ITX 
+ 
(HHt3 
~"EVC 
A 
A9E2 


wOU'f 
A ''''''21 
XFER 
A 
113A 
XFEtU 
A 
1153 
XF ER 2 
A 
Jl~C 
XFf.n 
1 
.~ 1193 
XFf:9' 
A 
118R 


ASSEMBLY 
COI~PLE:TE, 
NO ERRORS 


TEST CASES 
FOR THE SOFTWARE 
DMfJsJCATIONS 


The following 
test cases were used 
to exercise 
the 


software 
routines 
and 
to 
check 
their 
action. 
To 


provide 
another 
device/controlier 
on the GPIB 
a 


ZT488 
GPIB 
Analyzer 
was 
used. 
This 
analyzer 


acted 
as a talker, 
listener 
or another 
controller 
as 


needed 
to execute 
the tests. 
The sequence 
of out- 


puts 
are 
shown 
with 
each 
test. 
All numbers 
are 


hexadecimal. 


SEND 
TEST 
CASES 


B = 44 
44 
44 


C = 30 
2 
0 


DE = 3E80 
3E80 
3E80 


HL = 3E70 
3E70 
3E70 


3E70: 
20 
30 
3E 
3F 


3E80: 
II 
44 


GPIB 
output: 
41ATN 
41 ATN 
41 ATN 
3F ATN 
3F ATN 
3F ATN 
20 ATN 
20 ATN 
20 ATN 
30 ATN 
30 ATN 
30 ATN 
3E ATN 
3E ATN 
3E ATN 


II 
II 
44 EO! 
44 EO! 


Ending 
B 
= 44 
44 
44 


Ending 
C 
= 2E 
0 
0 


Ending 
DE = 3E82 
3E82 
3E80 
Ending 
HL = 3E73 
3E73 
3E73 


RECEIVE 
TEST 
CASES 


B = 44 
44 
44 
44 
44 
44 
44 
C = 30 
30 
30 
30 
4 
4 
0=256 
DE = 3E80 
3E80 
3E80 
3E80 
3E80 
3E80 
3E80 
HL = 3E70 
3E70 
3E70 
3E70 
3E70 
3E70 
3E70 
3E70: 
40 
50 
5E 
5F 
40 
40 
40 
GPIB 
output: 
40 ATN 
50 ATN 
5E ATN 
40 ATN 
40 ATN 
40 ATN 
3F ATN 
3F ATN 
3F ATN 
3F ATN 
3F ATN 
3F ATN 
21 ATN 
21 ATN 
21 ATN 
21 ATN 
21 ATN 
21 ATN 


ZT488 
Data 
I 
I 
I 
I 
II 
I 


In 
2 
2 
2 
2 
22 
2 
3 
3 
3 
3 
33 
3 


4 
4 
44,EO! 
4 
44 
44 


44 
5,EO! 


Ending 
A 
= 0 
0 
0 
5F 
40 
0 
0 
Ending 
B 
= 0 
0 
0 
44 
40 
0 
0 
Ending 
C 
= 2B 
2B 
2C 
30 
0 
0 
FC 
Ending 
DE = 3E85 
3E85 
3E84 
3E80 
3E84 
3E84 
3E84 
Ending 
HL = 3E71 
3E71 
3E7I 
3E70 
3E71 
3E71 
3E71 


SERIAL 
POLL 
TEST 
CASES 


C = 30 


DE = 3E80 
HL = 3E70 


3E70: 
40 
50 
5E 
5F 


C = 30 
DE = 3E80 
HL = 3E70 
3E70: 
5F 
GPIB 
output: 
3F ATN 
21 ATN 
18 ATN 


GPIB output: 
3F ATN 
output: 
21 ATN 
output: 
18 ATN 
output: 
40 ATN 
input*: 
00 
output: 
50 ATN 
input*: 
41 
output: 
5E ATN 
input*: 
7F 


output: 
19 ATN 


*NOTE: leave ZT488 in single step mode even on input 


Ending C 
= 30 


Ending DE = 3E83 
Ending HL = 3E73 


Ending 3E80: 
00 
41 
7F 


19 ATN 
Ending C 
= 30 
Ending DE = 3E80 
Ending HL = 3E70 


PASS CONTROL TEST CASES 


HL = 3E70 
3E70 
3E70 
3E70: 
40 
4I(MTA) 
5F 


GPIB output: 
40 ATN 
09 ATN 
- 
ATN 


Ending HL = 3E71 
3E70 
3E70 


Ending A 
= 02 
4I(MTA) 
5F 


RECEIVE CONTROL TEST CASES 


GPIB input 
10 ATN 
40 ATN 
4lATN 
ATN 
09 ATN 
09 ATN 


Run Receive Control 
GPIB Input 
ATN 
ATIil' 


Ending A = 
0 
0 
09 


PARALLEL 
POLL ENABLE TEST CASES 


DE = 3E80 
3E80 
HL = 3E70 
3E70 
3E70: 
20 
30 
3E 
3F 
3F 


3E80: 
01 
02 
03 


GPIB output: 
3F ATN 
3F ATN 
20 ATN 
05 ATN 
61 ATN 
30 ATN 
05 ATN 
62 ATN 
3E ATN 
05 ATN 
63 ATN 


Ending DE = 3E83 
Ending HL = 3E73 
3E80 
3E70 


PARALLEL 
POLL DISABLE TEST CASES 


HL = 3E70 
3E70 


3E70: 
20 
30 
3E 
3F 
3F 


GPIB output: 
3F ATN 
20 ATN 
30 ATN 
3E ATN 
05 ATN 
70 ATN 


Ending HL = 3E73 


3F ATN 
05 ATN 
70 ATN 


PARALLEL POLL UNCONFIGURE TEST CASE 


GPIB output: 
15 ATN 


PARALLEL 
POLL TEST CASES 


Set DI0 # 
I 
2 
3 
4 
5 
6 
7 
8 
None 
Ending A 
I 
2 
4 
8 
10 
20 
40 
80 
0 


Set SRQ momentarily 
Reset SRQ 
Ending A 
= 02 
00 


TRIGGER 
TEST 


HL = 3E70 
DE = 3E80 
BC = 4430 
3E70: 
20 
30 
3E 
3F 
GPIB output: 
3F ATN 
20 ATN 
30 ATN 
3E ATN 
08 ATN 
Ending HL = 3E73 
DE = 3E80 
BC = 4430 


DEVICE CLEAR TEST 


HL = 3E70 
DE = 3E80 
BC = 4430 
3E70: 
20 
30 
3E 
3F 
GPIB output: 
3F ATN 
20 ATN 
30 ATN 
3E ATN 
14 ATN 
Ending HL = 3E73 
DE = 3E80 
RC = 4430 


XFER TEST 


B = 44 
HL = 3E70 
3E70: 
40 
20 
30 
3E 
3F 
GPIB output: 
40 ATN 
3F ATN 
20 ATN 
30 ATN 
3E ATN 
GPIB input: 
0 
I 
2 
3 
44 
Ending A = 0 
B = 44 
HL = 3E74 


APPLICATION 
EXAMPLE 
GPIB OUTPUT jINPUT 


GPIB output: 
41 ATN 
3F ATN 
32 ATN 
46 
55 
31 
46 
52 
33 
' 


37 
4B 
48 
41 
40 
32 
56 
4F 
00 EOI 
41ATN 
3F ATN 
31 ATN 
50 
46 
34 
47 
37 
54 EOI 
GPIB input: 
SRQ 
GPIB output: 
3F ATN 
21 ATN 
18 ATN 
51 ATN 
GPIB input: 
40 SRQ 
GPIB output: 
19 ATN 
51 ATN 


3F ATN 
21 ATN 
aPIB 
input: 
20 
28 
20 
20 
20 
33 
37 
30 
30 
30 
2E 
30 
45 
28 
30 
OD 
OA 
aPIB 
output: 
XX ATN 


APPENDIX 
C 


REMOTE 
MESSAGE 
CODING 


Bus Signal 
Line{s) 
and 
Coding 
That 
I\~ ..•('rts 
the 


C 
Trut' Valut' of lht· Mpssage 


T 
I 
Il 
J) 
NN 


Y 
I 
I 
DIU) 
A 
E 
S 
I 
R 


p 
() 
0 
AFA 
T 0 
R 
F 
E 


Mnemonic 
Message 
Name 
e 
H 
7 
l> 
!i 
4 
:3 
:! 
1 
VOC 
N I 
Q 
C 
N 


ACG 
addressed 
command 
group 
M 
AI' 
Y 
'" 
0 
0 
X 
X 
X 
X 
XXX 
1 
X 
X 
X 
X 


ATN 
attention 
II 
lie 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
1 
X 
X 
X 
X 


DAB 
data 
byte 
(Not,·s 
1.9) 
M 
Oil 
D 0 
D 
D D 
D 
D 
D 
XXX 
~ 
X 
X 
X 
X 


H 
7 
I) 
!i 
-\ 
3 
2 
1 


DAC 
c1ata accepted 
lJ 
HS 
X 
X 
X 
X 
X 
X 
X 
X 
XX0 
X 
X 
X 
X 
X 


DAV 
data 
valid 
U 
HS 
X 
X 
X 
X 
X 
X 
X 
X 
IXX 
X 
X 
X 
X 
X 


DCL 
device 
clear 
M 
UC 
Y 
0 
0 
1 
0 
I 
0 
0 
XXX 
1 
X 
X 
X 
X 


END 
end 
U 
ST 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
~ 1 
X 
X 
X 


EOS 
end 
of string 
(Notes 
2, 9) 
M 
DD 
E 
E ~ E 
E 
E 
E 
E 
XXX 
~ X 
X 
X 
X 


H 
7 
6 
5 
4 
3 
2 
1 


GET 
group 
execute 
trigger 
M 
AC 
Y 
0 
0 
0 
I 
0 
0 
\I 
XXX 
X 
X 
X 
X 


GTL 
go to local 
M 
AC 
Y 
0 
0 
0 
0 
0 
0 
1 
XXX 
1 X 
X 
X 
X 


IDY 
identify 
U 
UC 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
X 
1 
X 
X 
X 


IFC 
interface 
clear 
U 
UC 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
X 
X 
X 
1 
X 


LAG 
listen 
address 
group 
M 
AD 
Y 
0 
1 
X 
X 
X 
X 
X 
XXX 
1 
X 
X 
X 
X 


LLO 
local 
lock 
out 
M 
UC 
Y 
0 
0 
1 
0 
\I 
0 
1 
XXX 
X 
X 
X 
X 


MLA 
my listen 
address 
(Note 
3) 
M 
AD 
Y 
0 
1 
L 
L 
L 
L 
L 
XXX 
X 
X 
X 
X 


5 
4 
3 
2 
1 


MTA 
my talk 
address 
:Note4) 
M 
AD 
Y 
0 
T 
T 
T 
T 
T 
XXX 
X 
X 
X 
X 


5 
4 
3 
2 
1 


MSA 
my secondary 
address 
(Note 
5) 
M 
SE 
Y 
S 
S 
S 
S 
S 
XXX 
X 
X 
X 
X 


5 
4 
3 
2 
1 


NUL 


OSA 
OTA 


PCG 


PPC 


PPE 


null 
byte 


other 
secondary 
addre.s 


other 
tal k address 


primary 
command 
group 


parallel 
poll 
configure 


parallel 
poll 
enable 


Bus 
Signal 
Line(s) 
and 


Coding 
That 
Asserts 
the 


C 
True 
Value 
of the 
Message 


I 
0 
0 
NN 


I 
I 
ORO 
A 
E 
SIR 
o 
0 
AFA l' 
0 
R F E 


8 
7 
6 
5 
4 
3 
2 
I 
VOC 
N 
I 
Q 
C 
N 


00 
VJ 
VJ 
VJ 
VJ 
0 
0 
0 
0 
xxx 
X 
X 
X 
X 
X 


SE 
(OSA 
= SCG 
1\ MSA) 


AO 
(OTA 
= TAG 
1\ MTA) 


- 
(PCG 
= ACG 
V UCG 
V LAG 
V TAG) 


AC 
Y 
VJ 
0 
0 
0 
1 
VJ 
1 
XXX 
1 
X 
X 
X 
X 


SE 
Y 
1 
0 
S 
P 
P 
P 
XXX 
1 
X 
X 
X 
X 


321 
o 
0 
0 
0 
XXX 


4 
3 
2 
1 


ST 
X 
X 
X 
X 
X 
X 
X 
1 


ST 
X 
X 
X 
X 
X 
X 
1 
X 


ST 
X 
X 
X 
X 
X 
1 
X 
X 


ST 
X 
X 
X 
X 
1 
X 
X 
X 


ST 
X 
X 
X 
1 
X 
X 
X 
X 


STXXIXXXXX 


ST 
Xl 
XXXXXX 


ST 
1 
X 
X 
X 
X 
X 
X 
X 


UC 
Y 
VJ 
0 
0 
0 
1 


UC 
X 
X 
X 
X 
X 
X 
X 
X 


HS 
X 
X 
X 
X 
X 
X 
X 
X 


ST 
X 
X 
X 
X 
X 
X 
X 


SE 
Y 
1 
X 
X 
X 
X 
X 


AC 
Y 
0 
VJ 
0 
0 
VJ 
0 


UC 
Y 
0 
0 
1 
1 
VJ 
0 


UC 
y 
VJ 
VJ 
1 1 
VJ 
0 
0 


ST 
X 
X 
X 
X 
X 
X 
X 
X 


STSXSSSSSS 
8 
654 
3 
2 
1 


AC 
Y 
0 
0 
VJ 
1 
0 
0 
1 


AO 
Y 
0 
X 
X 
X 
X 
X 


UC 
Y 
0 
0 
1 
X 
X 
X 
X 


AO 
Y 
0 
1 
1 
1 
1 


AO 
Y 
0 
1 
1 
1 


XXX 
X 
X 
X 


XXX 
X 
X 
X 


XXX 
X 
X 
X 


XXX 
X 
X 
X 


XXX 
X 
X 
X 


XXX 
1 
X 
X 
X 


XXX 
1 
X 
X 
X 


XXX 
1 
I 
X 
X 
X 


XXX 
1 
X 
X 
X 
X 


XXX 
X 
X 
X 
X 
1 


X0X 
X 
X 
X 
X 
X 


XXX 
f) 
X 
X 
X 
X 


XXX 
I 
X 
X 
X 
X 


XXX 
I 
X 
X 
X 
X 


XXX 
1 
X 
X 
X 
X 


XXX 
I 
X 
X 
X 
X 


XXX 
X 
X 
X 
X 


XXX 
0 
X 
X 
X 
X 


XXX 


XXX 
1 


XXX 
XXX 


XXX 


X 
X 
X 
X 


X 
X 
X 
X 


X 
X 
X 
X 


X 
X 
X 
X 


X 
X 
X 
X 


PPR1 


PPR2 


PPR3 


PPR4 


PPR5 


PPR6 


PPR7 


PPR8 


PPU 


REN 
RFO 


RQS 


SCG 


SOC 


SPO 


SPE 


SRQ 
STB 


parallel 
poll 
response 
1 


parallel 
poll 
response 
2 


parallel 
poll 
response 
3 


parallel 
poll 
response 
4 


parallel 
poll 
response 
5 


parallel 
poll 
response 
61 


parallel 
poll 
res ponse 
7 


parallel 
poll 
response 
8 


parallel 
poll 
unconfigure 


remote 
enable 


ready 
for 
data 


request 
service 


secondary 
command 
group 


selected 
device 
clear 


serial 
poll 
disable 


serial 
poll 
enable 


service request 


status 
byte 


TCT 


TAG 


UCG 
UNL 


UNT 


take 
control 


talk 
address 
group 


universal 
command 
group 


unlisten 


untalk 


NOTES: 
(1) 
01-08 
specify 
the 
device 
dependent 
data 
bits. 


(2) 
EI-E8 
specify 
the 
device 
dependent 
code 
used 
to 
indicate 
the 
EOS 
message. 
(3) 
LI-L5 
specify 
the 
device 
dependent 
bits 
of 
the 
device's 
listen 
address. 
(4) 
1'1-1'5 
specify 
the 
device 
dependent 
bits 
of 
the 
device's 
tal k address. 
(5) 
Sl-S5 
specify 
the 
device 
dependent 
bits 
of the 
de- 
vice's secondary 
address. 
(6) 
S specifies 
the 
sense 
of the 
PPR. 


S 
Hf:>sponse 


~ 
" 
I 
I 


P1-P3 
specify 
the 
PPR 
message 
to be sent 
when 
a paral- 
lel poll 
is executed. 


PPH Messa~e 


!'PHI 


P!'HH 


(7) 
01-04 
specify 
don't-care 
bits 
that 
shall 
not 
be 


decoded 
by 
the 
receiving 
device. 
It is recommended 


tha t all zeroes 
be sen t. 
(8) Sl-S6, 
S8 
specify 
the 
device 
dependent 
status. 


(0107 
is used 
for the 
RQS 
message.) 


(9) The 
source 
of 
the 
message 
on 
the 
ATN 
line 
is 


always 
the 
C function, 
whereas 
the 
messages 
on 
the 


010 
and 
EO! 
lines 
arc enabled 
by the 
T function. 


(10) 
The 
source 
of the 
messages 
on the 
ATN 
and 
EOI 
line~ is always 
the 
C function, 
whereas 
the source 
of 


the 
messages 
on 
the 
010 
lines 
is always 
the 
PP 
func- 
tion. 
(11) 
This 
code 
is provided 
for system 
use, 
see 
6.3. 
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APPENDIX 


8255A Qu ick Reference 


Microprocessor-based 
system 
designs 
are 
a cost- 
effective 
solution 
to a wide 
variety 
of problems. 
When 
a 
system 
designer 
is 
presented 
with 
the 


task of selecting 
a microprocessor 
for a design, the 


capabilities 
of the 
microprocessor 
should 
not 
be 


the only 
consideration. 
The microprocessor 
should 


be an element 
of a compatible 
family 
of devices. 
The MCS-80 
component 
family 
is a group of com- 


patible 
devices 
which 
have 
been 
designed 
to 


directly 
address 
and 
solve the problems 
of micro- 


processor-based 
system 
design. 
One member 
of the 


MCS-80 
component 
family 
is Intel's 
8255A 
pro- 


grammable 
peripheral 
interface 
chip. 
This 
device 
replaces 
a significant 
percentage 
of the 
logic re- 
quired 
to support 
a variety 
of byte oriented 
Input/ 
Output 
interfaces. 
Through 
the use of the 8255A, 
the I/O interface 
design task is significantly 
simpli- 


fied, 
the 
design 
flexibility 
is increased, 
and 
the 


number 
of components 
required 
is reduced. 


This 
application 
note 
presents 
detailed 
design 


examples 
from 
both 
the 
hardware 
and 
software 
points 
of view. 
Since 
the 
8255A 
is an extremely 
flexible 
device, 
it is impossible 
to list all of the 
applications 
and 
configurations 
of the 
device. 
A 


number 
of designs 
are 
presented 
which 
may 
be 
modified 
to 
fulfill 
specific 
user interface 
require- 
ments. 


Detailed 
design 
examples 
are discussed 
within 
the 
context 
of the 8080 system 
shown in Figure 
1. The 


basic 
8080 
system 
is composed 
of the CPU mod- 
ule, 
memory 
module, 
and 
the 
I/O module. 
CPU 


module 
and 
memory 
module 
design are discussed 


DATA 
BUS (8 LINES)D 
ITII 


CONTROL 
BUS (6 LINES) 
{} IJ~_---JIT 
Ir~'1 


J,,} 0 
{} 


within 
other 
Intel 
publications. 
This 
application 


note 
deals 
exclusively 
with 
I/O 
module 
design. 


It is assumed 
that 
the 
reader 
is- familiar 
with the 


MCS-80 
User's 
Manual 
and/or 
the 
MCS-85 
User's 


Manual, 
particularly 
the 8255A 
device description. 


OVERVIEW 
OF THE 8255A 


The 
8255A 
block 
diagram 
shown 
in Figure 
2 has 


been 
divided 
into 
three 
sections: 
8080 
CPU Mod- 


ule Interface, 
Peripheral 
Interface, 
and the Internal 


Logic. 


RE/l,OI 


WRllE 


',-- 
C~~6~gL 


'0 


8080 CPU MODULE 
INTERFACf: 


The 8255A 
is a compatible 
member 
of the MCS-80 
component 
family 
and, therefore, 
may be directly 
interfaced 
to the 8080. Figure 3 displays one method 
of interconnecting 
the 
8255A 
and 
an 8080 
CPU 


module. 
The 
8080 
CPU 
module 
consists 
of 
the 
8080A 
CPU, 
the 
8224 
Clock 
Generator, 
and 
the 
8228 
System 
Controller. 
The 
system 
shown 
in 


Figure 
3 utilizes 
a linear select scheme 
whiclJ. dedi- 


cates 
an address 
line as an exclusive 
enable 
(chip 


select) 
for each specific 
I/O device. The chip select 


signal 
is used 
to 
enable 
communication 
between 


the 
selected 
8255A 
and 
the 8080 
CPU. I/O Ports 
A, B, C, or the Control 
Word Register 
are selected 


by 
the 
two 
port 
select 
signals 
(AI, 
AO). These 


signals 
(AI and AO) are driven 
by the least signifi- 
cant 
bits 
of the 
address 
bus. 
The 
I/O port 
select 
characters 
required 
by this configuration 
are shown 


in Figure 4. 


When a system 
utilizing 
the linear select 
scheme 
is 
implemented, 
a maximum 
of six I/O devices 
may 
be selected. 
If more 
than 
six I/O devices 
must be 
addressed, 
the 
six device 
select 
bits 
must 
be en- 


coded 
to generate 
a maximum 
of 64 device select 
lines. 
Note 
that 
when 
large 
systems 
are 
imple- 
mented, 
bus 
loading 
considerations 
may 
require 
that 
bus drivers 
be included 
in the 
CPU module. 
The 
MCS-80 
component 
family 
contains 
parts 


which 
are designed 
to perform 
this function 
(8216, 
8226). 


The 
8255A 
I/O 
read 
(RD) 
and 
I/O 
write 
(WR) 
signals may 
be directly 
driven 
by the 
8228. 
This 


results 
in an isolated 
I/O architecture 
where 
8080 
Input/Output 
instructions 
are used to reference 
an 


independent 
I/O 
address 
space. 
An 
alternate 
ap- 
proach 
is memory 
mapped 
I/O. 
This 
architecture 


treats 
an area of memory 
as the I/O address space. 


The 
memory 
mapped 
I/O 
architecture 
utilizes 


8080 
memory 
reference 
instructions 
to access the 
I/O 
address 
space. 
Interfacing 
with 
the 
8080 
is 
outlined 
in Chapter 
3 of the "8080 
Microcomputer 
User's Manual". 


The most 
important 
feature 
of the 8255A 
to 8080 


CPU 
Module 
Interface 
is that 
for 
small 
system 


designs 
the 
8255A 
may 
be interfaced 
directly 
to 


the 
standard 
MCS-80 
component 
family 
with 
no 


external 
logic. 
Minimum 
external 
logic is required 


in large system 
designs. 


-~55A 
Port:;)e,ect 


00 
PorI 
A 


01 
Palt B 


10 
Port 
C 


11 
COOl.ol 
Wont 
ReYiSler 


8255A 
1 Select 


0'" Select 
, ~ NoSelecl 


8?55A 
:: 2 Select 


0= Select 


1 
No Select 


He .• adecrmal 
Port 
Select 
Character 


Port Selected 
(Used 
w"h 
IN 
or OUT 
Instructions) 


PMI A 8255A 
~ 1 
Fa 


Port B 825SA:: 
1 
F' 


Port 
C 
8255A'= 
1 
FA 


Controt 
Word 
Aeg1Sfer8255A:: 
1 
FB 


Port A 8255A 
= 2 
F' 
Pori B 8255A 
= 2 
F5 
I 


Port 
C 
8255A =2 
F. 


Control 
Word 
RegiSler8255A 
=2 
F7 


8224 
CLOCK 


GENERATOR 


DRIVER 


ipheral 
interface 
lines, 
buffers, 
and 
controi lo;~..- ---l1if6ugn 
the use ot thiS teature, 
deVIce strobes 
may 


The 
characteristics 
and 
functions 
of the interface 
be easily 
generated 
by software 
without 
utilizing 
lines 
are 
determined 
by 
the 
operating 
mode 
se- 
external 
logic. The Mode 
I and Mode 2 configura- 
lected 
under 
program 
control. 
The 
flexibility 
of 
tions 
use a number 
of the Port C lines for interrupt 
the 
8255A 
is due 
to 
the 
fact 
that 
the 
device 
is 
control 
lines. Thus, the 8255A 
contains 
a large por- 


programmable. 
Three 
modes 
of operation 
may be 
tion 
of the 
logic required 
to implement 
an inter- 


selected 
under 
program 
control: 
Mode 
0 _ 
Basic 
rupt 
driven 
I/O 
interface. 
This 
feature 
simplifies 
Input/Output, 
Mode 
I 
_ 
Strobed 
Input/Output 
interrupt 
driven 
hardware 
design 
and saves a sign i- 


with interrupt 
support, 
and Mode 2 _ Bidirectional 
flcant amount 
of the external 
logic that is normally 
bus with 
interrupt 
support. 
Through 
selecting 
the 
required 
when 
less powerful 
I/O chips are used. In 
correct 
operating 
mode, 
the interface 
lines may be 
fact, the design examples 
contained 
in this applica- 


configured 
to 
fulfill 
specific 
interface 
require- 
tion 
note 
describe 
how interrupt 
driven 
interfaces 


ments. 
The 
characteristics 
of 
the 
interface 
lines 
may be designed 
such that 
the only interrupt 
con- 
within 
each mode 
must be understood 
so that 
the 
trol logic required 
is that 
contained 
in the 8255A. 
designer 
may utilize the 8255A 
to achieve the most 


efficient 
design. 
Table 
I lists the basic features 
of 


the 
peripheral 
interface 
lines 
within 
each 
mode 


group. 
Figure 
5 shows the grouping 
of the periph- 


eral interface 
lines within 
each mode. 


Mode 0 - 
Basic Input/Output 


Two 8-bit 
ports 


Two 4-bit 
ports with 
bit set/reset capability 


Outputs 
are latched 


Inputs are not latched 


Mode 1 - 
Strobed 
Input/Output 


One or two strobed 
ports 


Each Mode 1 port contains: 


8-bit data port 
- 


3 control 
lines 


Interrupt 
support 
logic 


Any 
port may be input 
or output 


If one Mode 
1 port 
is used, the 
remaining 
13 lines 


may be configured 
in Mode O. 


If two 
Mode 
1 ports 
are used, the 
remaining 
2 bits 


may be input 
or output 
with 
bit set/reset 
capability. 


Mode 2 - 
Strobed 
Bidirectional 
Bus 


One bidirectional 
bus which 
contains: 


8-bit 
bidirectional 
bus supported 
by Port A 


5 control 
lines 


Interrupt 
support 
logic 


Inputs and outputs 
are latched 


The 
remaining 
11 lines may 
be configured 
in either 


Mode 0 or Mode 1. 


8255A 


C 
..--"--- 


P~-PBO 
INTRa 
IBFa 
STBB INTRA ~ 
IBFA 
I/O 
I/O 
PA7-PAO 


OR 
OR 
OR 
OR 
OR 
OR 
OBFe 
ACKa 
I/O 
110 
AtKA 
OBFA 


INTERNAL 
LOGIC SECTION· 


The 
internal 
logic section 
manages 
the transfer 
of 


data 
and 
control 
information 
on the internal 
data 
bus (refer 
to Figure 
2). If the-port 
select lines (AI 
and Ao) specify 
Ports 
A, B, or C, the operation 
is 
an I/O 
port 
data 
transfer. 
The 
internal 
logic will 


select 
the specified 
I/O port 
and perform 
the data 
transfer 
between 
the 
I/O 
port 
and the CPU inter- 
face. As was previously 
mentioned, 
both 
the func- 


tional 
configuration 
of each port 
and bit set/reset 


on Port C are controlled 
by the system's 
software. 


When 
the 
control 
word 
register 
is selected, 
the 
internal 
logic performs 
the operation 
described 
by 
the 
control 
word. 
The 
control 
word 
contains 
an 


opcode 
field which 
defines 
which 
of the two func- 


tions 
are to be performed 
(mode 
definition 0; bit 


set/reset). 


Mode Definition 


When the opcode 
field (Bit 7) of the control 
word 


is equal 
to a one, 
the control 
word 
is interpreted 


by the 
8255A 
as a mode 
definition 
control 
word. 


The 
mode 
definition 
control 
word 
(sh~wn 
in Fi"- 


ure 6) is used 
to specify 
the configuration 
of tJ~e 


MODE SELECTION 
00· 
MODE0 
01-MODE 
1 
lX· 
MODE 2 


24 
8255A 
peripheral 
interface 
lines. The system's 


software 
may specify 
the modes 
of Port A and Port 


B independently. 
Port C may be treated 
independ- 
ently 
or divided 
into 
two portions 
as required 
by 


the Port A and Port B mode definitions. 


Example 
#1: 
This 
example 
demonstrates 
how 
a 


I]1ode control 
word 
is constructed 
and issued to an 
8255A. 
The 
mode 
control 
word 
is passed 
to the 
device 
through 
the 
use 
of an output 
instruction 


that references 
an 8080 I/O port address. 
The value 
of the I/O port 
address 
is determined 
by the 8080 


CPU 
interface 
implemented. 
This 
example 
refer- 
ences the I/O port 
addresses 
realized 
by the simple 
8080 to 8255A 
interface 
shown in Figure 3. 


If an 8255A 
is to be configured 
through 
the use of 
the mode control 
word interface 
as: 


Port A 
Port B 
Port C 
Port C 


Mode 0 Input 
Mode I Output 
Bits PC7-PC4 
Output 


Bit 3 Input 


MVI 
A.l0010101B 
; GET MODE CONTROL WOAD 
OUT 
CWR 
; OUTPUT TO 8255A '" 1 CONTROL 
WORD 


; AEGISTER 


Bit Set/Reset 


When the opcode 
field (Bit 7) of the control 
word 


is equal 
to a zero, the control 
word is interpreted 


by the 
8255A 
as a Port 
C bit set/reset 
command 


word 
(see 
Figure 
7). Through 
the 
use of the 
bit 


set/reset 
command, 
any 
of the 
8 bits 
on Port 
C 


may be independently 
set or reset. 
Note 
that 
con- 


trol 
word 
bits 6-4 are not used. Bits 6-4 should 


be set to zero. 


Example 
#2: 
This 
example 
demonstrates 
how 
a 


Port C bit set/reset 
control 
word is constructed 
and 


issued 
to an 8255A. 
The bit set/reset 
control 
word 


is passed to the device through 
the use of an output 


instruction 
that 
references 
an 8080 
I/O port 
ad- 


dress. 
The 
value 
of the 
I/O 
port 
address 
is deter- 


mined 
by 
the 
8080 
CPU interface 
implemented. 
This 
example 
references 
the 
I/O 
port 
addresses 


realized 
by 
the 
simple 
8080 
to 8255A 
interface 


shown in Figure 3. 


81t Select'" 011 (Binaryl- 
3 (Decimal) 


Not Uled .• 000 (Binaryl 


Bit SetlAeset 0 
ode· 
0 


NOTE: 
An MYI instruction 
is used to load the reset bit 3 


control 
word into the A register. Since it is known 


that 
the set bit control 
word 
is already 
in the A 


register, 
a "DCR 
A" Instruction 
could be used to 


generate 
the 
correct 
control 
word 
and save one 


byte of code. 


00000111 
- 
I = 00000110 
(RESET 
BIT 3 CON- 


TROL WORD) 


Example 
#3: 
This 
example 
demonstrates 
one 


simple 
method 
of performing 
a bit set/reset 
opera- 


tion 
on Ports 
A and 
B. The 
state 
of any 
output 


port 
may 
be determined 
by reading 
the port. 
The 


assembly 
language 
program 
which 
may be used to 


set/reset 
Port A or B bits is: 


; GET STATE OF PORT 
;SETBITO 
: OUTPUT 
TO PORT 


: GET STATE OF PORT 
; RESET BIT 0 
; OUTPUT 
TO PORT 


INTERRUPT CONTROL LOGIC STATUS 
WORDS 


As previously 
mentioned, 
the 8255A 
Mode 
I and 


Mode 
2 configurations 
support 
interrupt 
control 


logic. If a read ofPort 
C is issued when the 8255A 
is 


configured 
in Mode 
I, the software 
will re£eive the 


Mode 
I status 
word 
shown 
in Figure 8. The bits in 


the status 
word correspond 
to the state of the asso- 


ciated 
Port 
C lines 
(buffer 
full, interrupt 
request, 
etc.). The INTE bit shown in the status word corre- 
sponds 
to the 
interrupt 
enable 
flip-flop 
contained 


in the 825 5A. This signal is not available externally. 
The structure 
of the Mode I status 
word varies as a 


function 
of the mode 
of the 8255A. 
Example 
#4 


shows 
the 
status 
word which 
results 
from reading 


Port 
C from 
an 8255A 
which 
is configured 
with 


Port A Mode I input 
and Port B Mode I output: 


PORT C BITS 
~D4IDJI02E5J 


GROUP B 
STATUS 


INPUT 


PORT 


07 
06 
05 
04 
OJ 


110 
I/O 
IIBFA 
I'NTEAllNTRAI 


OUTPUT 
PORT 


02 
0, 
DO 


IINTEellBFB 
jlNTRB I 


OUTPUT 
PORT 


0] 
06 
05 
I OBFA I'NTEA 
I 
If0 


04 
03 


I/O 
(INTRA I 


02 
0, 
00 


IINnB 
t 
OBFe I INTRa I 


Example 
#4 - MODE I STATUS 
WORD 


If an 8255A 
is to be configured 
through 
the use of 


the mode control 
word interface 
as: 


Port A 
Mode I Input 
Port B 
Mode I Output 
Port C 
Bits 6 & 7 Output 


The following 
mode control 
word is used: 


After 
the 
8255A 
mode 
control 
word 
has 
been 


issued, 
a READ 
of Port C will obtain 
the following 


Mode I status 
word: 


NOTE: 
The Port C I/O bits D7 and D6 should be modified 
through 
the use of the 
Port 
C bit set/reset 
com- 


mand 
word. 
If a write 
to Port 
C is issued, 
the 


INTEA 
and 
INTEB 
bits 
may 
be 
inadvertently 


modified 
by the user. The IBF A, INTRA, 
OBFB, 


and INTRB 
bits will not 
be modified 
by either 
a 


write to Port C or a bit set/reset 
command. 
These 


four 
bits always 
reflect 
the state 
of the interrupt 
control 
logic. 


Note 
that 
the 
Mode 2 status 
word 
(shown 
in Fig- 
ure 9) differs 
from 
the 
Mode 
I status 
word. 
The 


format 
of the 
status 
word 
data 
bits 
02-00 
are 


defined 
by the specification 
of the Port B configu- 


ration. 
Example 
#5 
shows 
the 
structure 
of 
the 


Mode 2 status 
word when the 8255A 
is configured 


with Port A Mode 2 (bidirectional 
bus) and Port B 


Mode I input. 


The 
Mode 
I and Mode 
2 status 
words 
reflect 
the 


state of the interrupt 
logic supported 
by the 8255A. 


APPLICATIONS 


pies provide 
a more detailed 
explanation 
of the use 


of the Port C status 
word in the Mode I and Mode 
2 configurations. 


PORT C BITS 


GROUP A I' 
STATUS 


GROUP 
B 


STATUS 


MODE 0 
INPUT/OUTPUT 


07 
06 
05 
04 
03 
I OBFA 
liNTEl 
IIBFA 
IlNTE211NTRA 
I 
--'-- 


02 
01 
DO 


~ 


..-'-- 


02 
0, 
DO 


IINTEB 
I 
IBFa 
i INTRa I 


02 
01 
DO 


IINTEB I 
i5"B"FB 
I INTRa I 


Example 
#5 - MODE 2 STATUS 
WORD 


If the 8255A 
is to be configured 
as follows: 


Port A 
Mode 2 Bidirectional 
Bus 
Port B 
Mode 
I Input 


The following 
mode control 
word is used: 


Example 
#6 
- 
MODE 
2 INTERRUPT 
ENABLE/ 


DISABLE 


The Mode 
2 status 
word 
shown 
in Figure 
9 con- 


tains two interrupt 
enable bits: 


INTEl 
- Bit 6 - Enable output 
interrupts 


INTE2 
- Bit 4 - Enable input 
interrupts 


Bit 
set/reset 
control 
words 
may 
be 
constructed 
which 
may 
be 
used 
to 
control 
the 
INTE 
bits. 


Set Bit 6 (Enable 
Output 
Interrupts) 
= 
0000 II a I Binary 


Reset Bit 6 (Disable Output 
Interrupts) 
= 


0000 II 00 Binary 


Set Bit 4 (Enable 
Input 
Interrupts) 
= 


0000 I00 I Binary 


Reset Bit 4 (Disable 
Input 
Interrupts) 
= 
0000 I000 Binary 


The 
control 
words 
shown 
were 
constructed 
from 


the 
standard 
bit 
set/reset 
format 
shown 
in Fig- 


ure 7. 


The value 
of CWR used in the following 
program 
example 
corresponds 
to 
the 
8080 
configuration 


shown in Figure 3. 


APPLICATIONS 
always Issue lne correcl 
moae 
conuol 
wora aller 
a 


reset 
of 
the 
device. 
Generally, 
an 
initialization 


routine 
is constructed 
which 
issues 
the 
correct 


mode 
control 
word, 
sets up the initial 
state 
of the 
control 
lines, 
and 
initializes 
any 
program 
internal 


data. 


Many 
of the 
software 
requirements 
of the 8255A 


vary 
as 
a 
function 
of 
the 
mode 
selected. 
The 
simplest 
mode 
supported 
by the device is Mode 0 


(Basic 
Input/Output). 
Generally, 
Mode 
0 is used 


for simple 
status 
driven 
device interfaces 
(no inter- 


rupts). 
Figure 
10 illustrates 
sample 
software 
that 


could 
be 
used 
to 
support 
such 
interfaces. 
Most 


devices support 
a BUSY or READY signal which is 
used 
to 
determine 
when 
the 
device 
is ready 
to 
input 
or output 
data and a DATA STROBE 
which 


is used 
to request 
data 
transfer 
(DATA 
STROBE 
may 
easily 
be generated 
with 
the 
Port 
C bit set/ 


reset 
feature). 
In the Mode 0 configuration, 
Ports 
A and 
B are used 
to input/output 
byte 
oriented 


data. 
Port 
C is used 
to input 
8255A 
status, 
peri- 


pheral 
status 
and to drive peripheral 
control 
lines. 


When 
the 
Mode 
I and 
Mode 2 configurations 
are 
used, the software 
is generally 
required 
to support 


interrupts. 
Software 
routines 
written 
for an inter- 


rupt 
driven 
environment 
tend 
to be more complex 
than 
status 
driven 
routines. 
The added complexity 
is due to the fact that 
interrupt 
driven systems 
are 


constructed 
such that 
other 
software 
tasks are run 


while the I/O transaction 
is in progress. 
A software 
routine 
that 
controls 
a peripheral 
device is gener- 


ally referred 
to as a device driver. 
One method 
of 
implementing 
an interrupt 
driven device driver is to 
partition 
the device driver 
into a "Command 
Proc- 


essor" 
and 
an 
"Interrupt 
Service 
Routine". 
The 


command 
processor 
is the 
module 
that 
validates 


~9 
E) 


and 
initiates 
user program 
requests 
to the 
device 


driver. 
A common 
method 
of passing information 


between 
the various 
software 
programs 
is to have 


the 
requesting 
routine 
provide 
a device 
control 


block 
ir memory. 
A sample device control 
block is 
shown in Table II. 


NAME 
DESCRIPTION 


Status 
This 1-byte field is used to transmit 
the status of the I/O transaction 
(busy, 
complete, 
etc.). 


Opcode 
This 1-byte field defines the type of I/O (READ, WRITE, etc.). 


Buffer Add ress 
This 2-byte field specifies the source/destination 
of the data block. 


Cha racter Cou nt 
This 1-byte field is a count of the number 
of characters 
involved in the transaction. 


Character 
Transferred 
Cou nt 
This 1-byte count of the number 
of characters 
which were actually 
transferred. 


Completion 
Address 
This 2-byte field is the address of the user supplied completion 
routine 
which will 


be called after the I/O has been performed. 


The command processor validates the transaction 
and initiates the operation described by the control 
block. Control is then returned to the requestor so 
that other processing may proceed. The interrupt 
service routine 
processes 
the remainder 
of the 
transaction. 
The interrupt 
service routine supports the follow- 


ing functions: 
I. The state of the machine (registers, status, etc.) 
must be saved so that it may be restored after 
the interrupt is processed. 
. 


2. The source of the interrupt must be determined. 


The hardware may support a register which indi- 
cates the interrupting 
device, or the software 
may poll the devices through interrogating the 
Port C status word of each 82SSA. 
3. Data must be passed to or from the device. 
4. Control must be passed to the requesting routine 
at the completion of the I/O. 


S. The state of the machine must be restored be- 
fore returning to the interrupted program. 


Figures II and 12 are simplified flowcharts of one 
of the many methods of implementing command 
processor and interrupt 
service routine 
modules. 


The rest of this application note presents specific 
application 
examples. All of the 8080 assembly 


language programs supplied with the application 
examples use the standard 
Intel 8080 assembly 


language mnemonics. The programs discussed use 
the program equate statement to specify all hard- 
ware related data. Equate statements 
are used so 


that all references to an I/O port may be changed 
through a simple reassignment of the port address 
in the equate statement. 


INTERRUPT 


Y 


MODE 0 - 
STATUS 
DRIVEN 
PERIPHERAL 
INTERFACE 


This design example 
shows how a single 8255A 
in 


Mode 
0 may 
be used 
to develop 
a status 
driven 


interface 
(no 
interrupts) 
for 
the 
Centronics 
306 


character 
printer, 
the 
Remex 
paper 
tape 
punch, 


and the Remex 
paper tape reader. 


8255A 
To Peripheral 
Hardware 
Interface 


The first step in the design is to examine 
the speci- 


fication 
for the peripheral 
devices 
and identify 
the 


control 
and 
data signals which 
must 
be supported 


by the 
interface. 
Table 
III lists the signals 
which 


were 
chosen 
to be supported 
by the 8255A 
inter- 


face. All three 
of the devices support 
the standard 


CHARACTER 
PRINTER 


Name: 
DATA 
O-DATA 
7 


Definition: 
Input 
data levels. 
A higl) signal represents 
a 
binary 
1"and. a low 
signal 
represents 
a binary 
O. These eight lines are the data lines to the 
printer. 
Name: 
DATA 
STROBE 


Definition: 
A 0.5 IJ.secpulse (minimum) 
'~sed to trans· 


( 
fer data from 
the B255A 
to the printer. 
Name: 
BUSY 


Definition: 
The level indicating 
that the printer 
cannot 
receive data. 


PAPER 
TAPE 
PUNCH 
, 


Name: 
TRACKS 
l-B 
DATA 
INPUT 


Definition: 
Input data levels. 
A high signal causes a 
hole to be punched 
on the associated track. 


These eight lines are the data lines to the 
printer. 


Name: 
PUNCH 
COMMAND 
INPUT 


Definition: 
A true condition 
moves the tape and 
initiates 
punching 
the tape. 
This signal is 
actually 
a data strobe. 


Name: 
PUNCH 
READY 
OUTPUT 


Definition: 
True signal indicates 
that 
the punch _isready 
to accept a punch 
command. 
This is the 
punch 
busy line. 


PAPER 
TAPE 
READER 


Name: 
DATA 
TRACK 
OUTPUTS 


Definition: 
True signal indicates 
data track 
hole. 
These 
eight 
lines are the data lines from 
the punch. 


Name: 
DRIVE 
RIGHT 


Definition: 
True signal drives the tape to the right 
an'd 
reads a character. 
This signal is actually 
the 
data strobe 
linitiate 
read signal). 


Name: 
DATA 
READY 
OUTPUT 


Definition: 
True signal indicates 
data track 
outputs 
are 
in "On 
character" 
condition. 
This ~i~nal is 
the reader busy line. 


BUSY /DAT A STROBE 
interface 
discussed 
previ- 


ously 
(see Figure 
10). Figure 
13 is a block diagram 


of the interface 
design. The 8255A 
Port A is con- 


figured 
as a Mode 0 output 
port 
which 
is used to 


support 
the I?rinter and the paper 
tape punch 
data 


bus. 
Port 
B is configured 
as a Mode 0 input 
port 


and 
is used 
to input 
the 
paper 
tape 
reader 
data. 


Three 
of the Port C lower bits (PC2-PCO) 
config- 


ured 
in input 
mode 
are used 
to input 
the 
device 


busy 
i~di,cations. 
Three 
of the 
Port 
C upper 
bits 


(PC6-PC4) 
configured 
in output 
mode 
are used to 


support 
the device strobe 
signals required 
by each 


device. 


The drive requirements 
of the interface 
lines are a 


function 
of the 
peripheral 
interface 
circuitry, 
the 


length 
of the interface 
cable, and the environment 


in which 
the unit is running .. In this particular 
de- 


sign example, 
all output 
lines from 
the 8255A 
to 


the 
peripherals 
were 
buffered 
through 
a 
7407 


buffer/driver. 
The input 
lines from 
the peripherals 


were fed directly 
into the Port C and Port B inputs. 


8080 CPU Module To 8255A 
Interface 


The schematic 
of the completed 
hardware 
design is 


shown 
in 
Figure 
14. 
The 
CPU 
module 
design 


shown 
is the 
design 
which 
was implemented 
for 


Intel's 
SDK 80 kit board. 
The 8255A 
is addressed 


through 
the 
use 
of 
an isolated 
I/O 
architecture 


utilizing 
a linear select scheme. 
Address 
bits Al and 


AO are used to select 
the 8255A 
port. 
Address 
bit 


A3 is the 
exclusive 
enable 
for 8255A # 1. Exami- 


nation 
of 
the 
schematic 
shows 
that 
all 
of 
the 


8255A 
interface 
lines 
are 
directly 
driven 
by the 


CPU module. 


PC. 
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Mode 0 Interface 
Software 


An 
initialization 
routine 
and 
three 
device 
drivers 


(one 
for 
each 
peripheral 
device) 
are 
requirea 
to 


support 
the 
peripheral 
interface. 
The 
I/O 
port 


addresses 
implemented 
by the hardware 
are shown 


in Figure 
15. The unused 
chip select bits are set to 


one 
so that 
chip 
select 
conflicts 
will not result 
if 


the 
unused 
bits 
are required 
by an expanded 
sys- 
tem. 


8255A Port Selec~ 


00 Port A 
01 Port B 
10 Port C 
11 Conlrol Word Register 


8251 Select 


O· Select 
1 •• No Select 


8255A 
# 1 $elect 


o ~ Select 
1- NaSelee' 


8255A 
II 2 Select 


0" Select 
1· 
No Select 


Port Selected 


Port SaiKI 
Character 


(I n HexadecimaU 


Port A 8255A 
Ii 1 
,. 


Port B 8255A 
II 1 
F5 
Port C 8255A 
II 1 
,. 


Conlrol 
Word Register 
8255A 
::r 1 
'7 
POrt A 8255A ,. 2 
EC 
Port 8 8255A" 
2 
ED 
porte 
8255A#2 
EE 
Control 
Word Register 8255A 
# 2 
E' 


Note 
that 
the 
initialization 
routine 
issues 
the 
mode 
control 
word 
(shown 
in Figure 
16). It also 


sets 
the 
low 
true 
DATA 
STROBE 
signals 
to an 


inactive 
(high) state. 


Port 
A - 
Output 
Mode 
0 


Port C Upper Bits C7-C4 
- Output 
Mode 0 


Port C.lower 
Bjts C3-CO - Input Mode 0 


Port 
B - 
Input 
Mode 
0 


PROGRAH 
EQUATES 


i····· 
PORTA 
EQU 
OPIH 
PORTB 
EQU 
OF5H 


PORTe 
EQU 
OF6H 


CWR 
EQU 
OF1H 
;..... 


; 
8255 
PORT 
A 


; 
8255 
PORT 
B 


; 
8255PORTC 


; 
8255 
CONT~OL 
WORD REGISTER 


PORT 
1 
_ 
OutPUT 
HODE 
ZERO 


POIlT 
B_INPUTHOOE 
ZERO 


PollT 
C 
(UPPER) 
- 
OUTPUT 


PORT 
C 
(LOWER) 
- 
INPUT 


;..... 


LPSON 
EQU 


LPSOF 
EQU 


PNSOIf 
EQU 


PIISOF 
EQU 


RDSOH 
EQU 


RDSOF 
EQU 
;..... 


000011018 
000011008 
000010118 
000010¥l8 


OOOOlOOlB 
000010008 


; 
PR1ICTER 
DATA 
STROBE 
OM 


; 
PRINTER 
DATA 
STROBE 
OFF 


; 
PUMeH 
DATA 
STROBE 
011 


; 
PUNCH 
DATA 
STROBE 
OFf 


; 
READER 
DATA 
STROBE 
011 


; 
flEADER 
DATA 
STROBE 
OFF 


;..... 


LPBSY 
EClU 


PIiBSY 
EQU 


RDBSl' 
EQU 


]00_ 
]EOD 
]006 
D]f1 
]008]£09 
]00AD]F1 
]00CC9 


A,LPSOII 
CV, 


A,JlDSOII 
CV, 


GET 
CONTROL 
WOIlD 
TO 
TUIlN 
011 
PRIIITER 
DATA 
STROBE 


OUTPUT 
TO 
CONTROL 
WORD 
RfNISTEIl 
GET 
CONTIIOL 
WOIlD 
TO 
TtJIlII 
011 
IlEADEIl 
DATA 
STROBE 


OUTPUT 
10 
COIITROL 
WORD 
REGISTER 


RETURN 
TO 
CALl.ER 


The 
three 
peripheral 
drivers which 
follow 
all have 
the 
basic structure 
discussed 
previously. 
Consider 
the printer 
routine. 
Here the user routine 
places an 


ASCII 
data 
character 
in the 
C-register 
and 
passes 


control 
to the LPST location 
through 
a subroutine 


call. 
The 
printer 
driver 
interrogates 
the 
status 
of 


the printer 
by reading 
Port C. If the printer 
is busy, 


the routine 
will loop 
until the printer 
is idle. When 


the printer 
is ready 
to accept 
a data character, 
the 


character 
is placed 
on the Port A lines and a DATA 


STROBE 
is generated. 
After 
generating 
the DATA 


STROBE, 
the 
driver 
executes 
a subroutine 
return 


to the caller. 


The 
DATA 
STROBE 
signals 
to 
the 
devices 
are 


generated 
through 
the 
use of the 
Port 
C bit 
set/ 


reset 
feature. 
The bit set/reset 
control 
words 
used 


are shown in Figure 
17. 


Summary /Conclusions 


This 
design 
example 
discussed 
the basic hardware 


and 
software 
required 
to 
handle 
a simple 
device 


interface. 
The 
8255A 
will easily 
accommodate 
a 


more 
complex 
interface 
design which utilizes 
addi- 


tional 
interface 
lines supported 
by the peripheral. 


Bit Sel.ct 
110 Binary •• 6 Decimal (Printed 


101 
Binary 
•• 5 DecimallPunehl 


100 Binary •• 4 Decimal (Re.ter) 


TtM 
control 
word 
fOr set Printer 
DATA 
STROBE (PC 
6)" 
00001101 
binary. 
The control word for rMet Printer DATA STROBE (PC 61" 0000"00 
binary. 


The 
control 
word 
for 
Solt 
Punch 
DATA 
STROBE 
(PC 
51 ••ססoo1011 binary. 


The 
control 
word 
for 
reset 
Punch 
DATA 
STROBE 
(PC 
51 •• 0000lplO 
binary. 


The control word for set Ruder 
DATA STROBE (PC 41"ססoo1001 
binary. 


The 
control 
word 
for 
reset 
Read.,. 
DATA 
STROBE 
(PC 
41- 
00001000 binary. 


For instance, 
one of the spare Port C output 
lines 


may 
be used to control 
the punch 
direction. 
Sup- 


port 
of this additional 
feature 
would require 
minor 


modification 
of the device driver so that the punch 


direction 
line 
could 
be 
specified 
by 
the 
user 


routine. 


Through 
consideration 
of this example, 
the use of 


the 8255A 
in Mode 0 should 
become 
evident. 


)011119 
3015D]rll 


30113£OC 
]OI9D]F7 


301E13C 
301CDjF1 
]OIEC9 


l,C 


PORTA 
',LPsor 
'". 
'" 


GET o.t.!, 
BYTE 
SUPPLIED 
BY 
Cil.l.EIl 


OUTPUT 
DUA 
TO 
DATA 
LlHES 


COEr 
DATA 
STROBE 
COIITROL 
WORD 


RESET 
PATA 
STROBE 
(LOW 
tRUE 
SICNAl.) 


GEHERATE 
SET 
DATA 
STROllE 
CONTROl. 
WORD 


SETDATASTROllE 


RETURN 
TO 
CALLER 


3029)!:08 
3028031'7 
302030 
30210YT 
3030 C9 


A,C 
PORTA 
A ,PilSON 
"" 
A 
OV. 


CET 
DATA 
BnE 
SUPPLIED 
BY CALLER 
OUTPUT 
DATA 
TO 
DATA LIliES 


SET 
DATA STROBE 
COIlTIlOl. 
WORD 


SET 
OATA STROll 
GDlEJAT£ 
RESet 
DATA o5TII08E 
COMTIlOL 
WORD 


RESET 
DATA STII08£ 
RETURJI to 
CALLER 


303CDBf"';j 
303£OE01 
30'03£09 
30'2D3F1 
30" 
C9 


IN 
GET 
CHARACTER 


HVI 
C,A 
SAVE 
CHARACTER 
I'lVI 
A,RDSOIl 
Get 
o5TIlOB£ 
SET 
COliTIIOl. 
VOIIO 
(UN 
TRUE 
SIGIlALl 
OUT 
CIIII 
fUlIN 
Off 
o5TII08£ 
liEf 
IIETURN 
TO 
CALl.EII 


_._. 
••• ~•••••• 
v •• uvv 
U"'''l1UvU 
lJl lJ1AP~l.Ir.ATlntdc::. 


ous 
example 
required 
the software 
driver 
to poll 


the 
device 
status 
for 
completion. 
An 
alternate 


approach 
is to construct 
the device interface 
such 


that 
an interrupt 
is used to signal the completion 
ACK 


of the 
operation. 
When 
an interrupt 
driven 
inter· 


face 
is utilized, 
the 
time 
that 
was 
dedicated 
to 
polling 
can be used to perform 
other 
functions 
and 


the 
effective 
processor 
through·put 
is increased. 
This example 
demonstrates 
how an 8255A 
config· 


ured 
in Mode 
I may be used to develop 
an inter- 


rupt 
driven 
interface 
for the Centronics 
306 char- 


acter printer. 


CPU Module 
To 8255A 
Interface 


The 
8080 
bus interface 
implemented 
for this 
ex- 


ample 
is the same as the Mode 0 example 
with the 
addition 
of 
interrupt 
support. 
Interrupt 
support 


is implemented 
through 
the use of a special feature 
of the 
8228 
System 
Controller. 
If only 
one inter- 


rupt 
vector 
is required 
(such as in small systems), 
the 
8228 
can 
automatically 
assert 
an RST 
7 in- 


struction 
onto 
the 
data 
bus 
at 
the 
proper 
time. 
This 
option 
is selected 
by 
connecting 
the 
INT A 
output 
of the 8228 to the +12-volt supply 
through 


a I K ohm series resistor. 


The 
Mode 
I interrupt 
support 
logic of the 8255A 
provides 
an interrupt 
request 
line 
for each 
port. 


The 8255A 
interrupt 
request 
line (INTRA) 
must be 
connected 
to the INT line of the 8080. 
A 10K ohm 
pullup 
resistor 
is used 
to insure 
that 
the 
VIH re- 


quirements 
of the 8080 are met. 


8255A 
To Peripheral 
Interface 


The 
interrupt 
driven 
configuration 
control 
signal 


interface 
to the printer 
is different 
than 
the status 
driven 
interface. 
Instead 
of 
a 
BUSY /DAT A 


STROBE 
interface, 
a DATA STROBE/ACK 
inter- 


face 
is supported. 
The 
ACK 
signal 
notifies 
the 
8255A 
that 
a character 
transferred 
to the printer 


by a DATA 
STROBE 
has been accepted. 
After 
an 


ACK is issued 
the 
printer 
is considered 
idle. The 
block 
diagram 
shown 
in Figure 
18 displays 
the 
interface 
signals used. 


The 
Mode 
I interrupt 
driven 
peripheral 
support 


signals used are: 


PA7-PAO 
- 
Output 
Data 
Used 
to support 
the 
printer 
data 
port. 


OBF 
- Output 
Buffer Full 
This 
line 
goes 
low 
when 
data 
is 
placed 
in the 
output 
buffer. 
The 


OBF signal may be. used as a data 


requires 
a pulsed 
DATA 
STROBE 
signal. 
This signal is supported 
by 


Port C bit O. 


- 
ACKnowledge 


This line is used to signal the 8255 A 
that 
the 
device 
has accepted 
the 


data. 
This line is supported 
by the 
printer 
ACKNLG 
signal. 


NOTES: 


1. 
DATA BUS BUFFERED 
WITH 7407. 


2. 
ALL 8255A OUTPUT 
LINES ARE PULLED UP TO +5V AT THE PEAIPHERAL. 


Mode 1 Software 
Driver 


The software 
driver implemented 
for this example 
utilizes 
the typical 
interrupt 
driven 
software 
struc- 
ture outlined 
previously. 
The initialization 
routine 
issues the mode control 
word (shown 
in Figure 
19) 


to the 825 SA after 
reset of the device. The initial- 


ization 
routine 
also places 
a jump 
to the interrupt 


service routine 
in the interrupt 
location 
for RST 7. 
The 
command 
processor 
is started 
by 
the 
user 


routine 
through 
a subroutine 
call to PSTRT, 
with 
the 
address 
of the 
control 
block 
in the 
D and 
E 
registers 
(the 
control 
block 
format 
is shown 
in 
Table 
IV). The command 
processor 
insures that an 
I/O operation 
is not 
already 
in progress, 
starts 
the 
I/O, enables 
interrupts, 
and returns 
to the caller so 
that other 
processing 
may proceed. 


After a character 
is placed in the output 
buffer, 
the 
DATA STROBE 
signal is generated 
through 
the use 
of the Port C bit set/reset 
feature. 
When the ACK 


is generated 
by the printer, 
the buffer 
full indica- 


tion 
is cleared 
and 
the 
8255A 
generates 
an inter- 


rupt. 
Ifinterruptsare 
enabled, 
the interrupt 
request 
is serviced 
by 
the 
8080 
CPU 
through 
disabling 


processor 
interrupts 
and 
then 
executing 
the 
in- 


struction 
at 
location 
38 hexadecimal 
in program 
memory. 
The 
interrupt 
service 
routine 
saves the 
processor 
state 
and 
polls the ~255A 
to determine 
the 
source 
of the interrupt. 
Once the interrupting 
device 
is 
located, 
the 
control 
block 
is used 
to 
locate 
the 
next 
data 
character 
for transfer 
to the 


8255A 
output 
buffer. 
After 
the 
entire 
buffer 
has 
been 
printed, 
the 
interrupt 
service 
routine 
passes 
control 
to 
the 
user-supplied 
completion 
routine. 
Before 
returning 
from 
the 
interrupt, 
the 
state 
of 
the 
processor 
is restored. 


Port 
A - 
Input 
Mode 
1 


Port 
C (Lower) 
- 
Output 


~~~ 
~ 
(Upper) I 
Not 
Used 


NAME 
POSITION 
DEFINITION 


Status 
Byte 0 
A 1-byte field which defines the completion 
status of an 1/0_ 


00 
; 
Good completion 
01 
; 
Error - command 
already in progress 


Buffer Address 
Byte 1, 2 
Pointer to the start of the data to print. 


Character 
Count 
Byte 3 
Count of the number 
of characters 
to print. 


Character 
Byte 4 
The number 
of characters 
transferred. 
Transferred 
Count 


Completion 
Byte 5, 6 
Address of a user supplied 
routine 
which will be called after the I/O has 
Address 
been performed. 


NOTES: 


1. 
An opcode 
field 
is not required 
because WRITE 
is the only operation 
performed. 


2. 
The control 
block 
must reside above location 
FF Hex. 


There 
are a number 
of error conditions 
which may 


occur, 
such 
as an interrupt 
from 
a device 
which 


does 
not 
have 
a control 
block 
in progress, 
or an 


interrupt 
when 
polling 
establishes 
that 
no device 


requires 
service. 
Neither 
of 
these 
errors 
should 


occur, 
but if they 
do, the driver should 
perform 
in 


a consistent 
fashion. 
The recovery 
routines 
imple- 


mented 
to handle 
error 
conditions 
are determined 


by the particular 
applications 
environment. 


Summary /Conclusions 


When utilized 
in a small system 
design, the 8255A 


interrupt 
support 
logic provides 
all of the capabili- 


ties 
required 
to 
implement 
an 
interrupt 
driven 


hardware 
interface 
without 
the 
use 
of external 


logic. 
In larger 
system 
designs, 
the 
designer 
may 


chose to use additional 
hardware 
to determine 
the 


source 
of 
interrupt 
requests 
without 
software 
polling. 
The 
software 
design required 
by an inter- 


rupt 
driven 
system 
is inherently 
more 
complex 


than 
the 
status 
driven 
interface. 
If an interrupt 


driven 
system 
is required 
the added 
complexity 
is 


a small 
price 
to pay 
for a significant 
increase 
in 


system through-put. 


, 


: 
PR:GAAM EClIATES 


PaaA 
EX:lU 
SF4H 


PORl'B 
EOl 
Sf'SH 
PORTC 
EW 
0f'6H 


CWR 
EX;l1 
8F7H 


ElST7 
ECV 
038H 


; 8255 PORI' A 
; 
8255 
PORI' 
B 


; 8255 roRT C 
; 8255 cama. w:J1l1) REGISTER 
; 
RESTART 
1 
ADDRESS 


SET/RESET 
coma.. 
I«>RDS 
::r:;;* 
EX;l1 


snlOf 
"'" 
;..... 


; 
DEVICE 
STAroS 
ECUAT£S 
;..... 


LPBSY 
£OJ 
888H 
; 
I!l1f"ftll. 
FULL 
(LINE 
PRINTER 
BUSY) 


INTRA 
rou 
88H 
; 
INTERRIJPr 
REOJEST 


Jeee 
]EM. 


3882 OJ,.7 
'38843£81 
]8860]F7 


3eee JEe] 
JiBA 32]888 
3110213838 
]11822]988 
]813 C9 


; 
coma. 
BLOCK 
£O.l.'TES 


Casr 
£OJ 
eeH 


CBUF 
£OJ 
01H 


CBCC 
EX;l1 
83H 


CBCT 
£OJ 
84H 


Cl!OG' 
EO) 
eSH 


; 
STATUS 
BYTE 


; 
BUFfER 
ADDRESS 


; 
OIARACI'ER 
<DltII' 
; 
OlAAACTER 
TJWIISF"DUD 
CXl.ItfI' 
: a:»f'IEI'IGI 
SERVICE 
AlDl:ESS 


ttWI 
A,ICW; 
GET POE 
cama.. 
I()R) 


(lJT 
00'R 
I 
0l.ITfVl' 
TO cama.. 
\ooOPD RroISTER 


MYI 
A,S'I'BCl'I 
; 
GET 
SET 
DI'ITA STR:BE 
eama.. 
\IOKl 
oor 
CWR 
; 
SET 
ClI\TA 
STI(:BE (leW TRlJE SIQW.l 


SET 
UP 
RESTART 
1 
LOCATION 
WIlli 
JUMP 
TO 
PmI' 


A.8ClH 
RS1'7 
H,PINt' 


RS1'7" 


GET 
"JHP- 


PlACE 
IN 
RST7 
LOCATION 
GET 
ADORESS 
OF 
UII'ERJlIJP1' 
SERVICE 
I01I'INE 
S'IOI<EAIlOR£SS 


RETURN 
ro 
CALLER 


3018c22830 
3018 
m 
30lC 
22AI30 
30lF 
m 
3020210_00 


302319 
302~ 
)600 
3026cD5830 


3029F8 


302AC9 


PIPRG.1 
; 
GET 
PRINT 
IN 
PROGRESS 
BLOCIC ADDRESS 


A 
; 
SEE 
IF 
ZERO 
(PRINT 
IN 
PROGRESS) 


; 
IF 
BLOCI 
ADDRESS 
NOT EQUAL 
TO 
ZERO 
THEN 


; 
PRINT 
IN 
PROGRESS 
; 
IF 
YES 
- 
BRUCH 
TO 
ERROR 


Il,CBCT 
; 
GET 
INDEX 
TO 
CT 
o 
; 
COHPUTE 
ADDRESS 
Of 
CT 


H,OOH, 
; 
CLEARCT 
PDATA 
; 
START 
I/O 


; 
ENA8LE 
PROCESSOR 
INTERRUPTS 


; 
RETURN TO 
CALLER 


J03"DBF6 
3036 
E608 
3038 
Ca52)0 
30383£OC 
30JDD3F7 
J03FF8 
30.0 
2iA1JO 
30113aF 
30 __ 
BC 


30_5ca5530 


30'8E8 
30"9 
CD5830 


30.C£1 
30llDDl 
JOII£CI 
30llFFl 
30')OfB 
3051C9 


PUSH 
PSN 
PUSH 
B 
PUSH 
D 
PUSH 
H 


;SAVEPSW 
; 
SAVE 
REGISTER 
PUR 
B ANOC 


; 
SAVE 
REGISTER 
PUR 
0 
AND E 
; 
SaVE 
REGISTER 
PUR 
H ANDL 


III 
PORTC; 
GET 
STaTUS 
Of 
DEVICE 


AMI 
IIITRa; 
SEE 
IF 
lilT 


JZ 
PPOLL; 
NO _ 
BlIAllCH 
TO POLL 
OTHER 
DEVICES 
IF 
ANY 


HVI 
a,IDH; 
GET 
8255 
IIiT 
DISABLE 
CONTROL 
WORD 
OUT 
CNR 
; 
DISABLE 
DEVICE 
IHTERRUPTS 


EI 
; 
ENaBLE 
PROCESSOR 
INTERRUPTS 


LHLD 
PIPRG 
; 
GET 
CONTROL 
BLOCIC ADDRESS 


XRA 
a 
; 
CLEAR 
A 
REG 
CHP 
H 
; 
SEE 
If 
PRINT 
IN 
PROGRESS 
JZ 
PIERI; 
NO _ 
BRaNCH 
TO 
ERROR ROUTINE 
XCHe 
caLL 
; 
PRIItT 
DATA 


POP 
H 
POP 
0 
POP 
B 


POP 
PSW 


£1 


RET 


; 
RESTORE 
RWISTER 
PUR 
H ANDL 
; 
RESTOR[REGISTER 
PAIR 
0 
AND E 
; 
RESTORE 
REGISTER 
PAIR 
BAND 
C 


; 
RESTORE 
PSW 


; 
ENABLE 
PACICESSOR 
INTERRUPTS 


; 
RETURN TO 
INTERRUPTED 
PROCESS 


~y 


]05BOBF6 


305AE680 
305CC,,81130 
305F21QlIOO 
306219 
]0631E 
30611311 
306528 
30668£ 
3067CA8"30 
306"210100 
306019 
306£0'5 
306fSE 
301023 
301156 
3072 
2600 


307Q 6r 
307519 
30767£ 
)077D3f4 
]0793£00 
3078D3F7 
J070]C 
307E03f'7 
loaD 01 
3081C358]0 


30811 F] 
30853£00 
3087D3f7 
3089C9 


3011103toO 


l08f 
if 
3090 
]2'230 
3093C9 


]0911£8 
309577 
3096£8 
3091210500 
309" 
19 
30984£ 
309C23 
3090116 
309£C',> 
309FC9 


PORTe 
; 
GET 
STATUS 
Of 
DEVICE 
LPBSY 
;S££IfaUSY(BurrERrtlLLl 


POlO 
; 
IfaUSY-BRAHCH 


H.CBCT 
; 
GET 
IIfDEI 
TO 
CT 


D 
; 
COMPUTE 
ADD!'lESS 
or 
CT 
",f'! 
; CET CT 
M 
; 
INee1 


Ii 
;DEeTOCC 


Ii 
; 
SEE 
If 
EQUAL 


POOH? 
j 
If 
EQU"L 
- 
DONE 00 
TELL 
USER 


~ICBur 
~ ~~p~~~E~D~~~r~;1l 
B~~~=~~ODIIESS 


D. 
; 
SAVE 
D 
AND 
E 
REGISTERS 


£'.M 
; 
GET 
!.SB 
Of 
SUFTER 
ADDRESS 


Ii 
; 
INe 
TO 
NEIT 
BYTE 


D,Ii 
; 
GET BurrER 
MSB 


H,OOH 
; 
CLEAR 
II 
IiEG 


L,A 
;GETeT 
o 
; 
COMPUTE 
CHAueTER 
ADDRESS 


A,M 
; 
GET 
CHARACTER 
PORTA 
; 
OUTPUT 
CHARACTER 
TO 
PIIINTEIl 


A,STBOF 
; 
RESET 
DATA 
STROBE 
(UlW 
TRUE 
SIGNAL) 


CW,. 
cw,, 


PDATA 


; 
GFJlERATE 
SET 
CONTROL 
1I0RD 


; 
SET 
DATA 
STROBE 


; 
RESTORE 
COMTROL 
BLOCC 
ADDRESS 


; 
LOOP 
UNTIL 
BUSY 


01 
; 
DISABLE 
IMTERRUPTS 
HVI 
A,IEN; 
ENABLE 
DEVICE 
INTERRUPTS.. 


OUT 
CIIR 
; 
SET 
INTERRUPT 
ENABLE 


IIET 
; 
RETUIIN 
TO 
CALL.ER 


"VI 
A,STeo.; 
eET 
cooo. 
STATUS 
CODE 
CAU. 
POST 
; 
POST 
TO 
USER 


IRA 
A 
; 
CUAIl 
A 
REG 


STA 
PIPRG.!; 
CLEAR 
OlMl'lAND 
IN 
PROGRESS 
ADDRESS 


RET 
; 
RETURN 
TO 
CALLER 


IMPUTS 
: 
STATUS 
CODE 
IN 
A 
REG 


CONUOt. 
BUlCI: 
ADDRE:SS 
IN 
0 
AND 
E 
REG 


OUTPUTS: 
PASSES 
CONTROL 
TO 
USER 
C')HPLETlON 
ADDRESS 


SPECIFIED 
IN 
CONTROL 
8LOCK 


WITHCONTIIOL8l0CKADDRESSINDANDE 


~ H,CBCMP 
; 
GET 
INDEX 
TO.cOMPLETlON 
ADDRESS 


D 
; 
COMPUTE 
ADDIlESS 


c,M 
; 
GET 
LSB 
OF 
COM~LETlON 
ADDRESS 


H· 
; 
I Ne TO NEXT 8vf.£ 


8,H 
; 
GF;;T KSB 
OF 
COIiPLETlON 
ADDRESS 


B 
; 
PUSH 
ADDIlESS 
IHTO 
STACIC 


; 
PASS 
CONTROL 
TO 
USER 
1l0UTINE 


MODE 2 - 
8080 TO 8080 INTERFACE 


Due 
to 
the 
drastic 
reduction 
of hardware 
costs, 
system 
designs 
which 
utilize 
multiple 
CPU Modu- 


les are becoming 
more 
common. 
An 8080 
may be 
configured 
as a master 
CPU and 
used 
to control 


multiple 
8080 
slave modules 
which 
act 
as intelli- 


gent 
I/O 
controllers. 
When 
multiple 
CPUs 
are 
utilized, 
a method 
of processor 
intercommunica- 


tion 
must 
be supported. 
Figure 
20 is a block 
dia- 


gram 
of 
one 
method 
of 
implementing 
a master/ 
slave interface 
through 
the use of the 8255A 
Mode 
2 bidirectional 
bus. 


Hardware 
Discussion 


Two 
complete 
8080 
systems 
are required 
for this 
example. 
Intel's 
SBC 80/10 
OEM board 
is used as 
the master CPU module 
and Intel's SDK 80 board is 
used as the slave CPU. The SBC 80/1 0 supports 
an 


8255A 
which 
is configured 
in Mode 2. The 8255A 


is selected 
through 
the 
use 
of a decoded 
select 


scheme. 
Through 
the use of the 8228 RST 7 inter- 


rupt 
feature, 
a simple 
interrupt 
structure 
is sup- 


ported. 
The 
SDK 80 is configured 
without 
inter- 


rupts 
for this example. 
The external 
logic required 


for this 
example 
is associated 
with 
the slave CPU. 
Simple 
logic is implemented 
which allows the slave 
CPU to generate 
the ACK and STB signals required 


to READ 
from 
and WRITE 
to the 8255A 
bidirec- 


tional bus with a single I/O instruction. 


The system shown in Figure 20 utilizes 
SSI logic to 
read the 8255A 
IBF and OBF signals. If two spare 
8255A 
input 
lines are available 
they could be used 


to input 
the IBF and OBF signals and eliminate 
the 
SSI logic. 


Software 
DisGussion 


Two 
sets of software 
are required 
to support 
the 
processor 
to processor 
interface. 
The 
master 
resi- 


dent 
software 
which 
follows 
conforms 
to 
the 
simple 
interrupt 
driven 
software 
structure 
outlined 


previously. 
The 
initialization 
routine 
issues 
the 
Mode 
2 control 
word 
to the 
8255A 
after 
device 
reset. 
The 
command 
processor 
accepts 
READ/ 


WRITE 
control 
blocks 
which provide 
a simple user 


interface 
for 
transferring 
data 
to/from 
the 
slave 
CPU. The master 
software 
is capable 
of processing 


both 
a read 
and 
a write 
control 
block 
simultane- 
ously. The slave residen t software 
shown 
at the end 
of this example 
utilizes 
the status 
driven approach. 


Summary /Conc1usions 


It is important 
to note 
that 
this design may be ex- 


panded 
to 
include 
more 
slave 
CPUs 
by 
simply 
adding 
another 
8255A 
to the 
master 
module 
for 
each 
slave. The 
software 
drivers 
discussed 
address 
only 
the 
passing 
of data between 
the two 
proces- 


sors. 
Specific 
applications 
generally 
dictate 
a soft- 


ware 
protocol 
be 
implemented 
for 
information 


transfer. 


MASTER 
MODULE 
SLAVE MODULE 


INTERRUPT 
REQUEST 


SYSTEM DATA BUS 


INT 
SYSTEM 
DATA BUS 
BIDIRECTIONAL 
BUS 
PA 


OB' 
8080 


8080 
ADDRESS BUS 
SLAVE 


MASTER 
8255A 
ISF 


ACK 
74125 
CONTROL 
BUS 
STB 


PROGRAM EQUAT£S 
;..... 


OOBf 
PD.\TA 
EQU 
OI!.H 
; 
INTERPIlOCESSOIl 
DATA 
POIlT 


007. 
PSTS 
EQU 
07F"H 
: 
STATUS 


3000DB7F 
3002E601 
3D0_C20030 
3007D8B. 
300911F 


300AC9 


B 
SLAVE WRITE 


ROUTINE 


IN 
PSTS 


ANI 
OB. 
JNZ 
SLRO 
IN 
PDATA 


r<JY 
C,A 


RET 


GET 
STATUS 


SEE 
IF 
BUffEIl.ULL 


NO _ 
LOOP 
UNTIL 
fULL 


GET 
CHARACTER 
PLACEINC_REG 


RETURN TO CALLER 


300BDB7f 
3000£602 
300FC20B30 
301279 
3013038F 
3015C9 


IN 
PSTS 
: 
GET 
StlTUS 


ANI 
IBF 
; 
SEE 
If 
BU.fER 
fULL 
JNZ 
SUIT 
; 
'rES 
_ 
LOOP 
UNTIL 
EHPT'r 


HQY 
A,C 
; 
GET 
DlTA 
CHAIIACTER 
OUT 
POATA 
; 
OUTPUT 
DATA 


RET 
; 
RETUIlNTOCALLEIl 


;..... 


; 
PROCRAM EQUATES 


;..... 


PORTA 
EX!U 
OE~H 


PORTS 
EQU 
OE5H 
PORTC 
EX!U 
OE6H 
CVR 
EQU 
OE1H 


RSn 
EQU 
038H 


; 
8255 
PORT 
A 


; 
8255 
PORT 
B 
; 
8255PORTC 
; 
8255 
CONTROL 
\/ORD 
REGISTER 
; 
RESTART 
7 
ADDRESS 


8255 
ENABLE/DISABLE 
INTERRUPT 
CONTROL 
WOllDS 


0000 
IENI 
EOU 
000011018 
; 
ENABl-E 
INPlJT 
INTERRUPTS 
0009 
IENO 
EOU 
000010018 
; 
ENABLE 
OUTPUT 
INTERllUPTS 
000' 
IONI 
EOU 
DOD01100B 
; 
DISABLE 
INPUT 
INTERRUPTS 
0008 
IDNO 
EOU 
00001000B 
; 
DISABLE 
OUTPUT 
INTERRUPTS 


;..... 
; 
STATUS 
EOIJATES 


;..... 


0008 
INTRA 
EOU 
", 
; 
INTEllllUPT 
IlEQUEST 
0080 
oeFA 
EQU 
'" 


; 
OUTPUT 
SUFrER 
FULL 
0020 
IBE'A 
EQU 
'" 


; 
INPUT 
surrEll 
rUll 


; 
STATUS 
BYTE 


: 
OPCODE"OREAO 
; 
"II/RITE 
; 
BUFfER 
ADDRESS 


; 
CHARACTER 
COUNT 


; 
CHARACTER 
TRANSFEREO 
COUNT 


; 
COHPLETION 
SERVICE 
ADDRESS 


eBUF 
EQU 
02H 


eBee 
EQU 
O~H 


CBCT 
EQll 
05H 


CBCHP 
EQU 
06H 


;..... 


~ 


~G 


3005210500 
300819 
3009)600 
3008210100 
300£19 


3010feoo 
3012eA21130 
3015f£01 
3017C"3530 


30211]AEA]O 
3027A7 
3028C21F30 
302BEB 
JOle 22£930 
302FEB 
3030C01C30 
3033F8 
30311(;9 


; 
GET 
INDEX 
roCT 


; 
COHPUTE 
ADDRESS 
OF 
CT 


; 
CLEARer 


; 
GET 
INDEX 
TOOPCOQE 


; 
COMPUTE 
ADDRESS 


; 
GET 
OPCODE 
; 
SEE 
If 
REiD 


; 
YES 
- 
GO 
PROCESS 
REAO 


; 
SEE 
IfllRlTE 


; 
YES-GO 
PROCESS WRITE 


HVI 
A,51£2; 
GET 
ERROR STATUS 
CODE 


JHP 
POST 
; 
CALI. 
COMPLETION 
ROUTINE 


ERROR - 
TRANSACTION 
ALREADY 
IN 
PROGRESS 


LDA 
PR(;R[).o.\; 
Gt! 
READ 
IN 
PROGRESS 
ADDRESS 


ANA 
.I. 
; 
SEE 
IF 
REAe 
IN 
PROGRESS 
(TEST 
fOR 
ZERO) 


JNZ 
P8ft 
; 
IrIES-BRANCH 
xellG 


SHLD 
; 
SAVE 
CONTROL 
BLOCK 
ADDRESS 
lellG 


CALL 
; 
START 
I/O 


£1 
; 
EHASLEINTERRUPTS 
R£t 
; 
RETURN TO CALLER 


]035],,£C30 
3038'7 
3039C21F30 
303CEB 
3030 
22£830 
30~O 
EB 
30~ 1 C09C30 
30~~ Fa 
30~5 C9 


LOA 
PROIIT.I; 
GET 
WRITE 
IN 
PR()(;RES$ 
ADDRESS 


ANA 
A 
; 
SEE 
IF 
WRITE 
IN 
PROGRESS 
(TEST 
FOR ZERO) 


JNZ 
PSTE 
; 
IFYES-BRAHCK 
XCKG 


SKLD 
; 
SAVE 
CONTROL 
BLOCK 
ADDRESS 
XCHG 


CALL 
POUT 
; 
START 
I/O 
£1 
; 
ENABL£INT£RRUPTS 
RE! 
; 
RETURN TO CALLER 


;..... 


INTtRRUPT 
SERVICE 
ROUTINE 


ALL 
REGISTERS 
SAVED 
AND 
RESTORED 


;..... 


PINT: 


30~6 
f5 
PUSH 
PSW 
; 
SAVEPSW 


3047C5 
PUSH 
B 
; 
SAVEREGISTERPAlIlBANDC 
30~8 
05 
PUSH , 
; 
SAVEIlEGISTERPAIIlOANOE 


PUSH 
" 


; 
SAVEIlEGISTERPAIIlHANDL 


POLL 
INTERRUPT 
SOUIlCE 
_ 
SEE 
If' 
8255 


30U 
01lE6 
" 


PORTC 
; 
GET 
STATUS 
Of 
DEVICE 
3Ollc£608 
<HI 
INTRA 
; 
SEE 
IfINT 


304ECA7630 
JZ 
PPOLL 
; 
NO 
- 
BRANCH 
TO 
POLL 
OTHER 
DEVICES 
If 
ANY 
3051 
3EoC 
"WI 
A,IONI 
; 
GET 
INPUT 
INT 
DISABLE 
CONTROL 
WOIlD 
305303E7 
'"' 


CWO 
; 
DISABLE 
DEV1CEINTERRUPTS 


30553E08 
"WI 
A,IONo 
; 
GET 
OUTPUT 
INT 
OISABlE 
CONTROL 
WORD 


305703E7 
OOT 
ew, 
; 
DISABEOEVICEINTERRUPTS 
3059f'B 
El 
; 
ENABLE 
PROCESSOR 
INTERRUPTS 
305A2AE930 
lHlO 
PRGRO 
; 
GET 
READ 
CONTROL 
BLOCK 
JOSDAf 
'" 
, 
; 
CLEAR 
A 
REG 
305E 
Be 
C"' 
" 
; 
SEE 
If 
READ 
IN 
PROGRESS 
305fCA6530 
JZ 
PUTl 
; 
NO 
_ 
BRANCH 


3062C07C30 
CALL 
'" 


; 
DO 
INPUT 
PINT1: 


30652,£B3o 
LHLO 
PRGWT 
; 
GET 
WRITE 
CONTROL 
BLOCK 


3068.1.1' 
'" . 
; 
CLEAR 
A 
REG 


30M8C 
C"' 
" 


; 
SEE 
IF 
WRITE 
IN 
PROGRESS 


306ACA7030 
JZ 
PRTN 
; 
NO-BRANCH 


306DCD9C30 
CALL 
POUT 
; 
DO 
OUTPUT 
;..... 
; 
IlESTORE 
REGISTERS 
AND 
RETURN 
fROM 
INTERRUPT 
;..... 


PRTN: 


3070El 
307101 


3072 
Cl 


307]f'1 


30741'8 


3075C9 


POP 
II 


POP 
0 


POP 
B 


POP 
PSII 


El 
BET 


; 
RESTORE 
REGISTER 
PAIR 
HAND 
L 


; 
RESTORE 
REGISTER 
PUR 
0 
AND 
E 


; 
RESTORE 
REGISTER 
PAIR 
8 
AND 
C 


; 
RESTORE 
PSII 


; 
ENABLE 
PROCESSOR 
INTERRUPTS 


; 
RETURN 
TO 
INTERRUPTED 
PROCESS 


307C08£6 
307E£620 
3060CA9630 
3083CDBC30 
3066DA6F30 
3069011[' 
308B 17 
303C 
c37C30 


3096F] 


30973EOO 
309903£7 
3098(9 


IN 
PORTC; 
GET 
STAn;S 
OF 
DEVICE 
AHI 
IBFA 
; 
SEE 
IF 
IHPUTSUFFER 
FUl.l. 


JZ 
PRTI 
; 
HO-BRANCH 


CALL 
CBFA 
; 
GET 
ADDRESS 
IN 
BUFfER 


JC 
PI DON 
; 
If 
OOHE 
_ 
BRANCH 


IN 
PORTA; 
GET 
DATA 


HaY 
H.A 
; 
PUCE 
IN 
BUffER 
JHP 
PIN 
; 
l.OOP 


01 
DISABLE 
PflOCESSOR 
INTERRUPTS 


MYI 
A,IEHI 
GET 
EHABl.E 
INPUT 
INTERRUPTS 
CONTROL 
WORD 
OUT 
CWR 
OUTPl1T 
TO 
CONTROl. 
WORD REGISTER 
RET 
RETURN 
TO 
CAl.l.ER 


30lo3CD8C30 
30,1,6 
DUF]O 


30A97E 
30UD3Ell 
30loCC39C30 


30B6f3 
30B73E09 
30B9D3£7 
30B8C9 


IN 
PORTC; 
GET 
I'ORTC 
STATUS 


IoNI 
IBrA 
; 
SEE 
IF 
OUTPUT 
BUrrER 
FUl.l. 


JNZ 
PRTO 
; 
YES 
_ 
BRAHCH 
CALL 
CBFA 
; 
SET 
UP 
ADDRESS 
OF 
DATA 
JC 
PODOll; 
IF 
DONE _ 
BRANCH 
HOV 
A,M 
; 
GET 
DATA 
FROM 
BUFFER 
OUT 
PORTA 
;OUTPUTDATA 
JHP 
POUT 
; 
l.OOP 


XRA 
A 
; 
Cl.EARA 
R[(; 
STA 
PRGWT.! 
;'Cl.EAR 
WRITE 
IN 
PROGRESS 


JMP 
PRTO 
; 
RETURN 


RETURN 
FJlOH 
OUTPUT 


01 
; 
DISABLE 
PROCESSOR 
INTERRUPTS 


MVI 
A,IENO 
; 
GET£NASl.[OUTPUT 
INT£RRUPTS 
CONTROL 
WORD 
OOT 
CWR 
; 
OUTPUT 
TO 
COHTROL 
WORD REGISTER 
R£T 
; 
RETURN 
TO 
CIoU.£R 


]OBC210500 
]OBF19 


]OC01£ 
]OC1]_ 
]OC228 
]OC] 
BE 


]OC"CAD5]0 
]OC1210200 


]OCA 
'9 
)OCB 
D5 
]OCC 
5E 


]OCD2] 


]OCE 
56 
]OCFAC 
]OD06F 
)OD119 
]OD2DI 
]00) 
AF 


)OD"C9 


)005)EOO 
]007COOC)0 
]00Al7 
)ODBC9 


lOOC 
E8 
lODD77 
lODED 
lODF210600 
lOE219 
lOE] 
liE 


lOEIl2] 
)OE5_6 


]OE6C5 
)OE7C9 


)OE8C9 


H,CBCT 


D'.----PCOMP 
H,CBUf 
D 
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1. INTRODUCTION 


The purpose 
of this application 
note is to provide the 


reader 
with 
the design 
concepts 
and 
factual 
tools 
needed to integrate 
Intel peripherals 
and microproc- 


essors 
into a low cost raster 
scan CRT terminal. 
A 
previously 
published 
application 
note, AP-32, 
pre- 


sented 
one 
possible 
solution 
to 
the 
CRT 
design 


question. 
This application 
note 
expands 
upon 
the 


theme 
established 
in AP-32 
and demonstrates 
how 


to design 
a functional 
CRT terminal 
while keeping 


the parts 
count 
to a minimum. 


For 
convenience, 
this 
application 
note 
is divided 


into seven general 
sections: 


I. Introduction 


2. CRT 
Basics 
3. 8275 Description 
4. Design 
Background 


5. Circuit 
Description 


6. Software 
Description 


7. Appendix 


There 
is no question 
that microprocessors 
and LSI 
peripherals 
have had a significant 
role in the evolu- 


tion 
of 
CRT 
terminals. 
Microprocessors 
have 


allowed 
design 
engineers 
to incorporate 
an abun- 
dance 
of sophisticated 
features 
into terminals 
that 


were previously 
mere slaves to a larger processor. 
To 


complement 
microprocessors, 
LSI peripherals 
have 


reduced 
component 
count 
in many support 
areas. A 


typical 
LSI 
peripheral 
easily 
replaces 
between 
30 


and 70 SSI and 
MSI 
packages, 
and offers features 


and flexibility 
that are usually 
not available 
in most 
hardware 
designs. 
In addition 
to replacing 
a whole 


circuit 
board 
of random 
logic, 
LSI 
circuits 
also 
reduce the cost and increase 
the reliability 
of design. 
Fewer interconnects 
increases 
mechanical 
reliability 


and 
fewer parts 
decreases 
the power 
consumption 


and hence, 
the overall 
reliability 
of the design. The 


reduction 
of components 
also yields a circuit that is 


easier 
to debug 
during 
the actual 
manufacturing 
phase 
of a product. 


Until 
the era of advanced 
LSI circuitry, 
a typical 


CRT 
terminal 
consisted 
of 80 to 200 or more SSI 


and 
MSI 
packages. 
The first microprocessors 
and 


peripherals 
dropped 
this 
component 
count 
to be- 


tween 
30 and 
50 packages. 
This 
application 
note 


describes 
a CRT 
terminal 
that 
uses 20 packages. 


2. CRT 
BASICS 


The raster 
scan display 
gets its name from the fact 


that 
the image displayed 
on the CRT 
is built up by 
generating 
a series of lines (raster) 
across the face of 


the CRT. 
Usually, 
the beam starts 
in the upper 
left 


hand 
corner 
of 
the 
display 
and 
simultaneously 


moves left to right and top to bottom 
to put a series 


~, 
--~------ 
----:.:-=~:::_~,=------- 
----~---- 
" ,, 


"::::.... 


- 
- 
RETRACE LINES 
--- 
DISPLAYED LINES 
Figure 2-1. Raster Scan 


of zig-zag lines on the screen (Fig. 2.1). Two simul- 
taneously 
operating 
independent 
circuits control 
the 
vertical 
and horizontal 
movement 
of the beam. 


As the electron 
beam 
moves 
across 
the face of the 


CR T, a third circuit 
controls 
the current 
flowing in 


the 
beam. 
By varying 
the current 
in the electron 


beam the image on the CRT 
can be made to be as 


bright or as dark as the user desires. This allows any 
desired 
pattern 
to be displayed. 


When 
the 
beam 
reaches 
the 
end 
of a line, 
it is 


brought 
back to the beginning 
of the next line at a 


rate that 
is much 
faster 
than 
was used to generate 


the 
line. 
This 
action 
is referred 
to 
as "retrace". 


During 
the 
retrace 
period 
the 
electron 
beam 
is 


usually 
shut 
off so that 
it doesn't 
appear 
on the 


screen. 


As the electron 
beam 
is moving 
across 
the screen 


horizontally, 
it is also moving 
downward. 
Because 


of this, each successive 
line starts slightly 
below the 


previous 
line. When 
the 
beam 
finally 
reaches 
the 


bottom 
right 
hand 
corner 
of the screen, 
it retraces 


vertically 
back to the top left hand corner. 
The time 


it takes 
for the beam 
to move from 
the top of the 


screen 
to the bottom 
and 
back again 
to the top is 


usually 
referred 
to 
as a "frame". 
In the 
United 


States, 
commercial 
television 
broadcast 
use 15,750 


Hz as the horizontal 
sweep frequency 
(63.5 micro- 


seconds 
per horizontal 
line) and 60 Hz as the vertical 


sweep frequency 
or "frame" 
(16.67 milliseconds 
per 


vertical 
frame). 


Although, 
the 60 Hz vertical frame and the 15,750 Hz 


horizontal 
line are the standards 
used by commercial 


broadcasts, 
they are by no means the only frequency 


at which 
CRT's 
can 
operate. 
In fact, 
many 
CRT 


displays 
use a horizontal 
scan that is around 
18KHz 


to 22 KHz 
and some even exceed 
30 KHz. 
As the 


horizontal 
frequency 
increases, 
the number 
of hori- 


zontallines 
per frame increases. Hence, the resolution 


on the vertical 
axis increases. 
This increased 
resolu- 


tion is needed 
on high density 
graphic 
displays 
and 


on special 
text editing 
terminals 
that display 
many 


lines of text on the CRT. 


Although 
many 
CRT's 
operate 
at 
non-standard 
horizontal 
frequencies, 
very few operate 
at vertical 


frequencies 
other than 60 Hz. If a vertical frequency 
other than 60 Hz is chosen, 
any external 
or internal 
magnetic 
or 
electrical 
variations 
at 
60 
Hz 
will 


modulate 
the electron 
beam 
and 
the image on the 


screen will be unstable. 
Since, in the United 
States, 


the power 
line frequency 
happens 
to be 60 Hz, there 


is a good 
chance 
for 60 Hz interference 
to exist. 


Transformers 
can cause 60 Hz magnetic 
fields and 


power 
supply 
ripple 
can 
cause 
60 Hz 
electrical 


variations. 
To overcome 
this, special 
shielding 
and 
power 
supply 
regulation 
must be employed. 
In this 


design, we will assume a standard 
frame rate of 60 Hz 


and a standard 
line rate of 15,750 Hz. 


By dividing 
the 
63.5 microsecond 
horizontal 
line 


rate 
into 
the 
16.67 millisecond 
vertical 
rate, 
it is 


found 
that 
there 
are 
262.5 
horizontal 
lines 
per 


vertical 
frame. 
At first, the half line may seem a bit 


odd, but actually 
it allows the resolution 
on the CRT 


to be effectively 
doubled. 
This is done by inserting 
a 


second 
set of horizontal 
lines between 
the first set 


(interlacing). 
In an interlaced 
system the line sets are 


not 
generated 
simultaneously. 
In a 60 Hz system, 
first all of the even-numbered 
lines are scanned: 
0, 2, 
4, ... 524. Then all the odd-numbered 
lines: 1,3,5, ... 
525. Each set of lines usually contains 
different 
data 


(Fig. 2.2). 
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Although 
interlacing 
provides 
greater 
resolution, 
it 


also has some-distinct 
disadvantages. 
First of all, the 


circuitry 
needed to generate 
the extra half horizontal 


line per frame is quite complex 
when compared 
to a 


noninterlaced 
design, 
which 
requires 
an 
integer 


number 
of horizontal 
lines 
per 
frame. 
Next, 
the 


overall vertical refresh rate is half that of a noninter- 
laced display. 
As a result, flicker may result when the 


CRT 
uses high speed phosphors. 
To keep things as 


simple as possible, 
this design uses the noninterlaced 


approach. 


The 
first 
thing 
any 
CRT 
controller 
must 
do 
is 


generate 
pulses that define the horizontal 
line timing 


and the vertical frame timing. This is usually done by 
dividing 
a crystal 
reference 
source 
by some appro- 
priate 
numbers. 
On 
most 
raster 
scan 
CRT's 
the 


horizontal 
frequency 
is very forgiving 
and can vary 


by around 
500 Hz or so and produce 
no ill effects. 


This means that the CRT itself can track a horizontal 
frequency 
between 
15250 Hz and 
16250 Hz, or in 


other words, there can be 256 to 270 horizontal 
lines 


per vertical 
frame. 
But, 
as mentioned 
earlier, 
the 


vertical frequency 
should be 60 Hz to insure stability. 


The 
characters 
that 
are viewed 
on the screen 
are 


formed 
by a series of dots that are shifted out of the 


controller 
while the electron 
beam moves across the 


face of the CRT. 
The circuits 
that create this timing 


are referred 
to as the dot clock and character 
clock. 


The character 
clock is equal to the dot clock divided 


by the number 
of dots used to form a character 
along 


the horizontal 
axis and the dot clock is calculated 
by 


the following 
equation: 


DOT 
CLOCK 
(Hz) = ( N + R ) * D * L * F 


where N is the number 
of displayed 
characters 
per 


row, 


R is the number 
of retrace 
character 
time 


increments, 
D is the number 
of dots per character, 


L is the number 
of horizontal 
lines per frame and 


F is the frame 
rate in Hz. 


In this design 
N = 80, R = 20, D = 7, L = 270, and 


F = 60 Hz. If the numbers 
are plugged 
in, the dot 
clock is found 
to be 11.34 MHz. 


The retrace 
number, 
R, may vary 
from 
system 
to 


system because 
it is used to establish 
the margins 
on 


the left and 
right 
hand 
sides of the CRT. 
In this 


particular 
design 
R = 20 was empirically 
found it be 


optimum. 
The 
number 
of dots 
per character 
may 


vary depending 
on the character 
generator 
used and 


the number 
of dot clocks the designer 
wants to place 


between 
characters. 
This 
design 
uses a 5 X 7 dot 


matrix 
and 
allows 
2 dot 
clock 
periods 
between 


characters 
(see Fig. 2.3); since 5 + 2 equals 
7, we find 


that 
D = 7. 


The number 
of lines per frame can be determined 
by 
the following 
equation: 


L=(H*Z)+V 


where, 
H is the number 
of horizontal 
lines per 
character, 


Z is the number 
of character 
lines per frame and 
V is the number 
of horizontal 
lines during vertical 
retrace. 
In this design, 
a 5 X 7 dot matrix 
is to be 
placed on a 7 X 10 field, so H = 10. Also, 25 lines are 
to be displayed, 
so Z = 25. As mentioned 
before, 
V = 20. When 
the numbers 
are plugged 
into 
the 
equation, 
L is found 
to be equal 
to 270 lines per 
frame. 


The designer should be cautioned 
that these numbers 


are interrelated 
and that to guarantee 
proper 
opera- 
tion 
on a standard 
raster 
scan CRT, 
L .should 
be 
between 
256 and 270. If L does not lie within 
these 
bounds 
the horizontal 
circuits 
of the CRT 
may not 
be able to lock onto the driving signal and the image 
will roll horizontally. 
The chosen 
L of 270 yields a 
horizontal 
frequency 
of 
16,200 KHz 
on a 60 Hz 
frame and this number 
is within the 500 Hz tolerance 
mentioned 
earlier. 


The V number 
is chosen to match the CRT in much 
the same manner as the R number 
mentioned 
earlier. 


When 
the electron 
beam 
reaches 
the bottom 
right 
corner 
of the screen it must retrace 
vertically 
to the 
top 
left corner. 
This 
retrace 
action 
requires 
time, 
usually 
between 
900-1200 
microseconds. 
To allow 
for 
this, 
enough 
horizontal 
sync 
times 
must 
be 
inserted 
during 
vertical 
ret.race. Twenty 
horizontal 
sync - times 
at 
61.5 microseconds 
yield 
a total 
of 
1234.5 microseconds, 
which is enough 
time to allow 
the beam to return 
to the top of the screen. 


The 
choices 
of Hand 
Z largely 
relate 
to system 
design preference. 
As H increases, 
the character 
size 
along 
the 
vertical 
axis 
increases. 
Z is simply 
the 
number 
of lines of characters 
that are displayed 
and 
this, of course, 
is entirely 
a system 
design 
option. 
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3. 8275 DESCRIPTION 
A block diagram and pin configuration of the 8275 
are shown in Fig. 3.1. The following is a description 
of the general capabilities of the 8275. 


3.1 CRT DISPLAY REFRESHING 


The 8275, having been programmed by the designer 
to a specific screen format, generates a series of 
DMA request signals, resulting in the transfer of a 
row of characters from display memory to the 8275's 
row buffers. The 8275 presents the character codes 
to an external character generator ROM by using 
outputs CCO-CC6. External dot timing logic isthen 
used to transfer the parallel output data from the 
character generator ROM serially to the video input 
of the CRT. The character rows are displayed on the 
CRT one line at a time. Line count outputs LCD-LC3 
are applied to the character 
generator 
ROM to 
perform 
the line selection function. 
The display 
process 
is illustrated 
in Figure 
3.2. The entire 


process is repeated for each display row. At the 
beginning of the last displayed row, the 8275 issues 
an interrupt 
by setting the IRQ output line. The 


8275 interrupt output will normally be connected to 
the interrupt input of the system central processor. 


The interrupt causes the CPU to execute an interrupt 
service subroutine. The service subroutine typically 
re-initializes DMA controller 
parameters 
for the 


next display refresh cycle, polls the system keyboard 
controller, and/ or executes other appropriate func- 
tions. A block diagram of a CRT system implemented 
with the 8275 CRT Controller is provided in Figure 
3.3. Proper CRT refreshing requires that certain 
8275 parameters be programmed prior to the begin- 
ning of display operation. The 8275 has two types of 
programming 
registers, the Command 
Registers 


(CREG) and the Parameter 
Registers (PREG). It 


also has a Status Register (SREG). The Command 
Registers may only be written to and the Status 
Registers may only be read. The 8275 expects to 
receive a command followed by a sequence offrom 0 
to 4 parameters, depending on the command. The 
8275 instruction set consist of the eight commands 
shown in Figure 3.4. 


To establish the format of the display, the 8275 
provides a number of user programmable 
display 


format parameters. Display formats having from I 
to 80 characters per row, I to 64 rows per screen, and 
I to 16 horizontal lines per row are available. 


In addition to transferring characters from memory 


1st 
2nd 
3,d 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Character 
Character 
Character 
Character 
-------------- 
00••••000.0000.00 ••••• 000000000 
•••• 0000 ••• 000.000.0 


F ifst L ins of a Character 
Row 


1st 
2nd 
3,d 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Character 
Character 
Character 
Character 
-------------- 
00••••000.0000.00••••• 000000000 
•••• 0000 ••• 000.000.0 
0.0000.00••000.00.0000000000000.000.00.000.00.000.0 


Second 
Line of a Character 
Row 


1st 
2nd 
3,d 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Charaeter 
Character 
Charactef 
Character 
-------------- 
00••••000.0000.00••••• 000000000 
•••• 0000 ••• 000.000.0 
0.0000.00••000.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0000.00.0000000000000.000.00.000.00.000.0 


Thi,d Line of a Cha,acte, Row 


1st 
2nd 
3,d 
4th 
5th 
6th 
7th 
Character 
Character 
Character 
Character 
Character 
Character 
Character 
-------------- 
00••••000.0000.00 ••••• 000000000 
•••• 0000 ••• 000.000.0 
0.0000.00••000.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0.00.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0000.00 •••• 0000000000 
•••• 000.000.00.0.0.0 
0.0000.00.00.0.00.0000000000000.0.0000.000.00.0.0.0 
0.0000.00.000••00.0000000000000.00.000.000.00.0.0.0 
oO•••• OOO.ODDO.OO ••••• 
OOODODOOO.OOO.ODO 
••• oooo.o.OG 


Seventh 
Line of a Character 
Row 


LCO_3 
VIDEO SIGNAL 
HOLD 
DRa 


B08SA 
TRANSFER 
CHARACTER 


MICRO- 
DEcaDE 
CCO-6 
• 
GENERATOR 
HIGH 
HORIZONTAL 
SYNC 
PROCESSOR 
HACK 
LOGIC 
~ 
ROM 
SPEED 
8275 
DOT 
CRT 
V 
TIMING 
CONTROLLER 
LOGIC 
VERTICAL 
SYNC 


CCLK 
AND 
INTERFACE 
INTENSITY 


VIDEO CONTROLS 


7- 
5l 


8253·5 


COUNTERI 


TIMER 


SERIAL 


COMMUNICATIONS 


CHANNEL 


PROGRAMI 


OISPLAY 
MEMORY 


8255A·5 
KEYBOARO 
CONTROLLER 


to the CRT screen, the 8275 features 
cursor 
position 
control. 
The cursor 
position 
may be programmed, 
via 
X 
and 
Y 
cursor 
position 
registers, 
to 
any 


character 
position 
on the 
display. 
The 
user 
may 


select 
from 
four 
cursor 
formats. 
Blinking 
or non- 


blinking 
underline 
and reverse 
video 
block cursors 
are available. 


3.2 CRT 
TIMING 


The 8275 provides 
two timing 
outputs, 
HRTC 
and 


VRTC, 
which 
are utilized 
in synchronizing 
CRT 
horizontal 
and 
vertical 
oscillators 
to 
the 
8275 
refresh cycle. In addition, 
whenever 
HRTC 
or VRTC 
is active, 
a third 
timing 
output, 
VSP (Video 
Sup- 


press) is true, providing 
a blinking 
signal to the dot 


timing 
logic. 
The 
dot 
timing 
logic 
will normally 
inhibit 
the video output 
to the CRT during the time 
when 
video 
suppress 
signal 
is true. 
An additional 


timing 
output, 
LTEN 
(Light 
Enable) 
is used 
to 
provide 
the ability 
to force the video 
output 
high 


regardless 
of the state of VSP. This feature 
is used 


by the 8275 to place a cursor 
on the screen and to 
control 
attribute 
functions. 
Attributes 
will 
be 
considered 
in the next section. 


The 
HLGT 
(Highlight) 
output 
allows 
an attribute 


function 
to increase 
the CRT 
beam 
intensity 
to a 
level greater 
than 
normal. 
The fifth timing 
signal, 


RVV (Reverse 
Video) will, when enabled, 
cause the 


system video 
output 
to be inverted. 


NO.OF 
PARAMETER 
COMMAND 
BYTES 


RESET 
4 


START 
0 
DISPLAY 


STOP 
0 
DISPLAY 


READ 
2 
LIGHT 
PEN 


LOAD 
2 
CURSOR 


ENABLE 
0 
INTERRUPT 


DISABLE 
0 
INTERRUPT 


PRESET 
0 
COUNTERS 


Display 
format 
pa- 


rameters 
required 


DMA operation 
pa- 
rameters 
included 


in command 


Cursor 
X,Y 
posi- 


tion 
parameters 
re- 
quired 


Clears 
all 
internal 
counters 


CHARACTER 
ATTRIBUTE 
OUTPUTS 
SYMBOL 
DESCRIPTION 
CODE "CCCC" 
LA, 
LAg 
VSP 
LTEN 


Above Underline 
0 
0 
1 
0 


0000 
Underline 
1 
0 
0 
0 
I 
Top Left Corner 


Below Underline 
0 
1 
0 
0 


Above Underlihe 
0 
0 
1 
0 


0001 
Underline 
1 
1 
0 
0 
I 
Top Right Corner 


Below 
Underline 
0 
1 
0 
0 


Above Underline 
0 
1 
0 
0 
L 
0010 
Underline 
1 
0 
0 
0 
Bottom 
Left Corner 
Below 
Underline 
0 
0 
1 
0 


Above 
Underline 
0 
1 
0 
0 
-J 
0011 
Underline 
1 
1 
0 
0 
Bottom 
Right Corner 


Below 
Underline 
0 
0 
1 
0 
Above Underline 
0 
0 
1 
0 


0100 
Underline 
0 
0 
0 
1 
~ 
Top Intersect 


Below 
Underline 
0 
1 
0 
0 


Above 
Underline 
0 
1 
0 
0 
-1 
0101 
Underline 
1 
1 
0 
0 
Right Intersect 
Below 
Underline 
0 
1 
0 
0 
Above 
Underline 
0 
1 
0 
0 
~ 
0110 
Underline 
1 
0 
0 
0 
Left 
Intersect 


Below 
Underline 
0 
1 
0 
0 
Above Underline 
0 
1 
0 
0 
-l- 


0111 
Underline 
0 
0 
0 
1 
Bottom 
Intersect 


Below 
Underline 
0 
0 
1 
0 
Above 
Underline 
0 
0 
1 
0 
1000 
Underline 
0 
0 
0 
1 
--- 
Horizontal 
Line 
Below 
Underline 
0 
0 
1 
0 
Above Underline 
0 
1 
0 
0 
I 
1001 
Underline 
0 
1 
0 
0 
Vertical 
Line 


Below 
Underline 
0 
1 
0 
0 
'I 


Above Underline 
0 
1 
0 
0 + 


1010 
Underline 
0 
0 
0 
1 
Crossed Lines 
Below 
Underline 
0 
1 
0 
0 
Above Underline 
0 
0 
0 
0 
1011 
Underline 
0 
0 
0 
0 
Not Recommended· 
Below 
Underl ine 
0 
0 
0 
0 
Above 
Under Iine 
0 
0 
1 
0 
1100 
Underline 
0 
0 
1 
0 
. Special Codes 
Below 
Underline 
0 
0 
1 
0 
' 
J 
, 


Above Underline 
- 


1101 
Underline 
Undefined 
Illegal 
Below 
Underline 
I 
Above Underline 
r 
1110 
Underline 
Undjfined 
Illegal 
Below 
Underline 
Above Underline 
I 
r 


1111 
Underline 
undrned 
Illegal 
Below 
Underline 
, 


·Character 
Attribute 
Code 
1011 
is not 
recommended 
for 
normal 
operation. 
Since none of the attribute 
outputs 
are 
active: 
the character 
Generator 
will 
not 
be disabled, 
and 
an indeterminate 
character will 
be generated. 


Character Attribute 
Codes 1101, 1110. and 1111 are illegal. 


Blinking 
is active when B = 1. 


Highlight 
is active when H = 1. 


ABCDE 
FGHIJKLM 
NOPORSTUV 


EXAMPLE OF THE VISIBLE 
FIELD ATTRIBUTE 
MODE 
(UNDERLINE 
ATTRIBUTE) 


ABC 
D E F G H I 
J 
K L M 
NOPORSTUV 


EXAMPLE OF THE INVISIBLE 
FIELD ATTRIBUTE 
MODE 
(UNDERLINE 
ATTRIBUTE) 


3.3 SPECIAL 
FUNCTIONS 


VISUAL 
ATTRIBUTES-Visual 
attributes 
are 


special 
codes 
which, 
when 
retrieved 
from 
display 
memory 
by the 8275, affect the visual characteristics 


of a character 
position 
or field of characters. 
Two 


types of visual 
attributes 
exist, character 
attributes 


and field attributes. 


Character 
Attribute 
Codes: 
Character 
attribute 


codes 
can 
be used 
to generate 
graphics 
symbols 
without 
the use of a character 
generator. 
This 
is 
accomplished 
by 
selectively 
activating 
the 
Line 
Attribute 
outputs 
(LAO-LA 
I), the Video Suppres- 


sion 
output 
(VSP), 
and 
the 
Light 
Enable 
output 
(L TEN). 
The dot timing 
logic uses these signals to 


generate 
the proper 
symbols. 
Character 
attributes 
can 
be 
programmed 
to 
blink 
or 
be highlighted 


individually. 
Blinking 
is accomplished 
with 
the 


Video Suppression 
output 
(VSP). 
Blink frequency 
is 
equal to the screen refresh frequency 
divided 
by 32. 


Highlighting 
is 
accomplished 
by 
activating 
the 


Highlight 
output 
(HGL T). 
Character 
attributes 


were 
designed 
to 
produce 
the 
graphic 
symbols 


shown 
in Figure 
3.5. 


Field 
Attribute 
Codes: 
The 
field 
attributes 
are 


control 
codes which affect the visual characteristics 
for a field of characters, 
starting 
at the character 


following 
the field attribute 
code up to, and includ- 


ing, 
the 
character 
which 
precedes 
the 
next 
field 


attribute 
code, 
or up to the end of the frame. 


There 
are six field attributes: 


I. Blink 
- 
Characters 
following 
the 
code 
are 


caused 
to blink 
by activating 
the Video Sup- 
pression 
output 
(VSP). 
The blink frequency 
is 
equal 
to the screen 
refresh 
frequency 
divided 


by 32. 


2. Highlight 
- 
Characters 
following 
the code are 


caused 
to 
be 
highlighted 
by activating 
the 


Highlight 
output 
(HGLT). 


3. Reverse 
Video 
- 
Characters 
following 
the 


code 
are 
caused 
to appear 
in reverse 
video 


format 
by activating 
the Reverse Video output 


(RVV). 


4. 
Underline 
- 
Characters 
following 
the code are 


caused to be underlined 
by activating 
the Light 


Enable 
output 
(L TEN). 


5. General 
Purpose 
- 
There 
are two additional 


8275 outputs 
which 
act 
as general 
purpose, 


independently 
programmable 
field attributes. 


These attributes 
may be used to select colors or 


perform 
other 
desired 
control 
functions. 


The 8275 can be programmed 
to provide 
visible or 


invisible field attribute 
characters 
as shown in Figure 


3.6. If the 8275 is programmed 
in the visible 
field 


attribute 
mode, 
all field 
attributes 
will occupy 
a 


position 
on the screen. 
They will appear 
as blanks 


caused 
by 
activation 
of 
the 
Video 
Suppression 
output 
(VSP). 
The 
chosen 
visual 
attributes 
are 


activated 
after this blanked 
character. 
If the 8275 is 


programmed 
in the 
invisible 
field attribute 
mode, 


the 8275 row buffer FIFOs 
are activated. 
The FIFOs 


effectively lengthen 
the row buffers by 16 characters, 


making 
room for up to 16 field attribute 
characters 


per display 
row. The FIFOs 
are 126 characters 
by 7 


bits in size. When 
a field attribute 
is placed 
in the 


row buffer during 
DMA, 
the buffer input controller 


recognizes 
it and 
places 
the next 
character 
in the 


proper 
FIFO. 
When a field attribute 
is placed in the 


buffer output 
controller 
during 
display, 
it causes the 


controller 
to immediately 
put a character 
from the 


FIFO 
on the Character 
Code outputs 
(CCO-6). 
The 


chosen 
attributes 
are also activated. 


ApDI 1~4TlnN~ 
. .' 
._- 


= 
. r 
• r- ••• ~- _,,_'''0' 
•••~ ~'" 
''''~ 
, rile-' 
Hnes ISkept to a mmlmum, 
both the data and address 
switch 
enables 
the 
light 
sensor. 
When 
the 
raster 
buffers can be eliminated. 
This easily saves three to 
sweep coincides 
with the light sensor position 
on the 
eight packages 
and reduces 
the power consumption 


display, 
the light pen output 
is input and the row and 
of the design. 
Both decisions 
3 and 4 require 
a basic 
character 
position 
coordinates 
are 
stored 
in two 
understanding 
of current 
CRT 
design 
concepts. 


8275 internal 
registers. 
These 
registers 
can be read 
In any CRT design, extreme time conflicts are created 
by the microprocessor. 
because 
all essential 
elements 
require 
access to the 
SPECIAL 
CODES 
- 
Four 
special 
codes 
may be 
bus. The CPU needs to access the memory 
to control 
used 
to 
help 
reduce 
memory, 
software, 
or DMA 
the system 
and 
to handle 
the incoming 
characters, 


overhead. 
These 
codes 
are 
placed 
in 
character 
but, at the same time, the CRT 
controller 
needs to 
positions 
in display 
memory. 
access 
the memory 
_to keep the raster 
scan display 


I 
E d All" R 
C d 
A' 
VSP 
VSP 
refreshed. 
To 
resolve 
this 
conflict 
two 
common 
n 
'J 
ow 
0 e - 
ctlvates. 
h . 
I 
d 
b f'"' 
d I' 
. 
. 
. 
'1 
h 
d 
f 
h 
I" 
tec mques 
are 
emp oye , page 
u lenng 
an 
me 
remams 
active 
untl 
teen 
0 
t e 
me 
IS 
b f~ . 


reached. 
While 
VSP 
is active, 
the screen 
is 
u enng. 


blanked. 
In. the 
page 
buffering 
approach 
the 
entire 
screen 


2 
E d 0 


,1" R 
S 
DMA 
C d 
C 
th 
memory 
is isolated from the rest of the system. This 
. 
n 
lOW· 
lOp 
0 e - 
auses 
e 
. 
I" 
II 
I' h d 
. h 
h 
DMA'C 
I L' 
DMA f 
h 
ISOatlon 
IS usua 
y accomp IS e 
Wit 
tree-state 
ontro 
oglc to stop 
or t e rest 
b f'" 
I' 
I' 
I' 
I 
Of 
f h 
h···· 
h 
b f~ 
u lers 
or 
two 
me 
to 
one 
me 
mu tiP exers. 


o t e row w en It ISwntten mto t e row 
u er. 
course, 
whenever 
a character 
needs 
to be manipu- 
Itfa:e~s 
th~~ISplay 
m the same way as the End 
lated 
the 
CPU 
I?ust 
gain 
access 
~o the 
buffered 
o 
0 
Co 
. 
memory 
and, agam, possible contentIOn 
between the 
3. End 
Of Screen 
Code - Activates 
.VSP. 
VSP 
CPU and the CRT controller 
results. This contention 
remains 
active 
until 
the end 
of the frame 
is 
is usually resolved 
in one of two ways, (I) the CPU is 


reached. 
always given priority, 
or; (2) the CPU is allowed 
to 
access the buffered 
memory 
only during 
horizontal 
and vertical 
retrace 
times. 
4. End Of Screen-Slop 
DMA 
Code - Causes 
the 
DMA 
Control 
Logic to stop DMA for the rest 


of the frame 
when 
it is written 
into the row 
buffer. 
It affects the display 
in the same way as 
the End of Screen 
Code. 


PROGRAMMABLE 
DMA BURST CONTROL- 


The 8275 can be programmed 
to request 
single-byte 
DMA 
transfers 
of DMA 
burst transfers 
of 2,4, or 8 
characters 
per burst. 
The 
interval 
between 
bursts 
is also programmable. 
This allows the user to tailor 


the DMA 
overhead 
to fit the system 
needs. 


4. DESIGN 
BACKGROUND 


4.1 DESIGN 
PHILOSOPHY 


Since 
the 
cost 
of any 
CRT 
system 
is somewhat 


proportional 
to parts count, 
arriving 
at a minimum 


part count solution 
without 
sacrificing 
performance 
has been the motivating 
force throughout 
this design 


effort. 
To successfully 
design 
a CRT 
terminal 
and 


keep 
the parts 
count 
to a minimum, 
a few things 
became 
immediately 
apparent. 


I. An 8085 should 
be used. 
2. Address and data buffering should be eliminated. 
3. Multi-port 
memory 
should 
be eliminated. 


4. DMA 
should 
be eliminated. 


Decision 
I is obvious, 
the 8085's 
on-board 
clock 
generator, 
bus 
controller 
and 
vectored 
interrupts 
greatly 
reduce 
the overall 
part count 
considerably. 


Approach 
I is the easiest to implement 
from a hard- 
ware 
point 
of view, 
but 
if the 
CPU 
always 
has 


priority 
the 
display 
may 
temporarily 
blink 
or 
"flicker" while the CPU accesses the display memory. 
This, 
of 
course, 
occurs 
because 
when 
the 
CPU 
accesses 
the display 
memory 
the CRT 
controller 
is 


not able to retrieve 
a character, 
so the display 
must 


be 
blanked 
during 
this 
time. 
Aesethically, 
this 
"flickering" 
is not desirable, 
so approach 
2 is often 


used. 


The second 
approach 
eliminates 
the display 
flicker· 


ing encountered 
in the previously 
mentioned 
tech- 


nique, 
but additional 
hardware 
is required. 
Usually 


the vertical 
and 
horizontal 
blank 
signals 
are gated 
with the buffered 
memory 
select lines and this line is 


used to control 
the CPU's 
ready line. So, if the CPU 
wants 
to use the buffered 
memory, 
its ready 
line is 
asserted 
until 
horizontal 
or vertical 
retrace 
times. 


This, 
of 
course, 
will 
impact 
the 
CPU's 
overall 


through 
put. 


Both page buffered 
approaches 
require a significant 
amount 
of additional 
hardware 
and 
for the most 


part are not well suited for a minimum 
parts count 


type of terminal. 
This guides us to the line buffered 
approach. 
This 
approach 
eliminates 
the 
separate 


buffered 
memory 
for the display, 
but, at the same 


time, 
introduces 
a few new problems 
that 
must be 
solved. 


ClOCl(C\'ClE, 
$£~ 
SO.lPCE STAT£;BlT 


10 
1 
MH 
P~I 
;$R',';: A WO FlFl6S 
10 
2 
f1F.~ 
H 
;S~"'E H fit:) 
l 


18 
3 
I'I!SlI 
0 
i!·,r:',J( I) fV~ E. 


10 
• 
LXI 
H,I?:'MCH 
:ZH:O H~" 
L 


18 
5 
OOV 
~p 
;f'vT STlXI\ POI/Hm 
III H kllD l 


• 
6 
XO<G 
i ~'UT$T~iJ: III () (\I,ll 
E 


-16 
7 
Uf.LD 
CI.:f"[> 
;G'TF"OIrl1EP. 
6 
8 
sm.. 
iPIJT 
('.ii=::t:!{l LI::C: JljTO Sf' 


7 
9 
W/l 
fLOCCH 
;$~T 
I"lt1;;l: r:(Ji-; 
SiH 
• 
10 
SIH 
; 2.1 
Sl-EClfl. 
Tli:Mll$FERBIT 


4eD 
11 
I'«' 
;00 
oW t'f~ 
4 
12 
!RC 
:$£T 1.1'n 
4 
13 
51" 
; GOBEll 10 t~JR. 
mr..E 
18 
I' 
lXI 
H,~ 
.<ER~ Ii. 


18 
15 
C'.I) 
SP 
if.lJ 
SlAO:: 


4 
Ie 
),'l)fj 
;PUT 5'lfr.K 
IN HAl.'£) l 
6 
17 
Sf~rL 
;[i$llf-: 51ft;: 


18 
IS 
L~J 
H,UGT 
;P\Ji £QTlro (.ol::.?lfl'r' 
III H ~t;ll 


• 
19 
XO<G 
i~1f' R:G:Sl[F:, 


• 
2lJ 
Iffl 
R,O 
;ftlT 
HJ~ (H£f: III A 


• 
2l 
Of' 
H 
iSlE 
IF SP.iE AS II 


7/10 
22 
JH2 
Y.!'TJ( 
; IF 
NOT I.£A"C: 


4 
23 
rffl 
A,E 
; PUT LOU or","'IfR 
III R 
4 
2' 
OP 
l 
;~.£E If 
$Oi';C: fl$ L 


7/1& 
IS 
Jill 
lTTK 
; If 
NOT L~J!'''E 


1& 
<6 
LXI 
H, TFOIS 
; LGHt, H i'JI[l L UITH TOF' Cf SCF:tIN 
r;c:wJt:\' 


16 
27 <PrY.: 
SlU 
Cl~j() 
; P:.IT eAO: CU~~"CIlTFtV~IF:E5S 
7 
IS 
WII 
A.1SH 
; G!::lt:tl~ ~"iE 


4 
2'! 
51" 
:5tT 
mERRtl"T.liISI( 


18 
III 
f'\l' 
0 
:Ill!. 
D fl1() E 


18 
31 
FlI' 
H 
:!iH H!'lie L 


18 
J2 
I'(f' 
P5ll 
.GEl 
A fII,f1 Flff,i$ 
• 
J3 
£1 
:£Im~ 
INTID:I.l'TS 


18 
34 
RCT 
:1].) ~K 


In the line buffered 
approach 
both the CPU and the 


CRT controller 
share the same memory. 
Every time 


the CRT controller 
needs a new character 
or line of 


data, 
normal 
processing 
activity 
is halted 
and 
the 


CRT 
controller 
accesses 
memory 
and 
displays 
the 


data. Just how the CRT 
controller 
needs to acquire 


the display 
data 
greatly 
affects 
the performance 
of 


the 
overall 
system. 
Whether 
the 
CRT 
controller 


needs to gain access to the main memory 
to acquire a 


single character 
or a complete 
line of data depends 


on the presence 
or absence 
of a separate 
line or row 


buffer. 


If no row buffer is present 
the CRT controller 
must 


go to the main memory 
to fetch every character. 
This 


of course, 
is not a very efficient 
approach 
because 


the processor 
will be forced 
to relinquish 
the bus 


70% 
to 
80% 
of 
the 
time. 
So 
much 
processor 


inactivity 
greatly affects the overall system perform- 


ance. 
In fact terminals 
that 
use this approach 
are 


typically 
limited 
to around 
1200 to 2400 baud 
on 


their serial communication 
channels. 
This low baud 


rate is in general not acceptable, 
hence this approach 


was not chosen. 


If a 
separate 
row 
buffer 
is employed 
the 
CRT 


controller 
only has to access the memory 
once for 


each 
displayed 
character 
per line. This 
forces 
the 


processor 
to relinquish 
the bus only about 
20% to 


35% of the time and a full 4800 to 9600 baud can be 
achieved. 
Figure 
4.1 
illustrates 
these 
different 


techniques. 


The 8275 CRT 
controller 
is ideal for implementing 


the row buffer 
approach 
because 
the row buffer 
is 


contained 
on 
the 
device 
itself. 
In fact, 
the 
8275 


contains 
two 80-byte 
row buffers. 
The presence 
of 


two row buffers 
allow one buffer to be filled while 


the other buffer is displaying 
the data. This dual row 


buffer 
approach 
enhances 
CPU 
performance 
even 


further. 


4.2 USING 
THE 
8275 WITHOUT 
DMA 


Until now the process 
of filling the row buffer 
has 


only been alluded 
to. In reality, a DMA technique 
is 


usually 
used. 
This approach 
was demonstrated 
in 


AP-32 where an'8257 
DMA controller 
was mated to 


an 
8275 
CRT 
controller. 
In 
order 
to 
minimize 


component 
count, 
this design 
eliminates 
the DMA 


controller 
and its associated 
circuitry 
while replac- 


ing them with a special 
interrupt-driven 
transfer. 


The 
only 
real 
concern 
with 
using 
the 
8275 in an 


interrupt-driven 
transfer 
mode 
is speed. 
Eighty 


characters 
must 
be loaded 
into the 8275 every 617 


microseconds 
and the processor 
must also have time 


to perform 
all the other tasks that are required. 
To 


minimize 
the overhead 
associated 
with loading 
the 


characters 
into 
the 
8275 a special 
technique 
was 


employed. 
This technique 
involves 
setting 
a special 


transfer 
bit and executing 
a string 
of POP 
instruc- 


tions. 
The 
string 
of POP 
instructions 
is used 
to 


rapidly 
move 
the data 
from 
the memory 
into the 


8275. Figure 
4.2 shows the basic software 
structure. 


In this design 
the 8085's SOD 
line was used as the 


special transfer 
bit. In order to perform 
the transfer 


properly 
this special bit must do two things: (I) turn 


processor 
reads 
into DACK plus WR for the 8275 


and (2) mask processor 
fetch cycles from the 8275, so 


that 
a fetch 
cycle 
does 
not 
write 
into 
the 
8275. 
Conventional 
logic could 
have been used to imple- 


ment this special function, 
but in this design a small 


bipolar 
programmable 
read only memory 
was used. 
Figure 
4.3 shows a basic version 
of the hardware. 
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At first, it may seem strange 
that we are supplying 
a 


DACK 
when 
no 
DMA 
controller 
exist 
in 
the 


system. 
But the reader should 
be aware that all Intel 


peripheral 
devices that have DMA 
lines actually 
use 


DACK 
as a chip select for the data. 
So, when you 


want 
to write a command 
or read status 
you assert 


CS and WR or RD, but when you want to read or 
write data 
you assert 
DACK 
and 
RD or WR. The 


peripheral 
device doesn't 
"know" 
if aD MA control- 


ler is in the circuit 
or not. In passing, 
it should 
be 


mentioned 
that 
DACK 
and 
CS 
should 
not 
be 


asserted 
on the same device at the same time, since 


this combination 
yields an undefined 
result. 


This 
POP 
technique 
actually 
compares 
quite 


favorably 
in terms 
of time to the DMA 
technique. 
One POP 
instruction 
transfers 
two bytes of data to 


the 8275 and takes 
10 CPU clock cycles to execute, 
for a net transfer 
rate of one byte every five clock 


cycles. The DMA 
controller 
takes four clock cycles 
to 
transfer 
one 
byte 
but, 
some 
time 
is lost 
in 


synchronization. 
So the difference 
between 
the two 


techniques 
is one clock cycle per byte maximum. 
If 


we compare 
the 
overall 
speed 
of the 8085 to the 


speed of the 8080 used in AP-32, 
we find that at 3 


MHz 
we can 
transfer 
one 
byte every 
1.67 micro- 


seconds 
using 
the 8085 and 
POP 
technique 
vs. 2 


microseconds 
per byte for the 2 MHz 
8080 using 


DMA. 


5. CIRCUIT 
DESCRIPTION 


5.1 SCOPE 
OF THE 
PROJECT 


A 
fully 
functional, 
microprocessor-based 
CRT 


terminal 
was designed 
and 
constructed 
using 
the 


8275 CR T controller 
and the 8085 as the controlling 


element. 
The 
terminal 
had many 
of the functions 


found in existing commercial 
low-cost terminals 
and 


more 
sophisticated 
features 
could 
easily 
be added 


with 
a modest 
amount 
of additional 
software. 
In 


order 
to minimize 
component 
count 
LSI 
devices 


were used whenever 
possible 
and software 
was used 


to replace 
hardware. 


5.2 SYSTEM 
TARGET 
SPECIFICATIONS 


The design specifications 
for the CR T terminal 
were 


as follows: 


Display Format 


• 80 characters 
per display 
row 


• 25 display 
rows 
Character Format 


• 5 X 7 dot matrix 
character 
contained 
within 
a 


7 X 10 matrix 


• First 
and seventh 
columns 
blanked 


• Ninth 
line cursor 
position 
• Blinking 
underline 
cursor 
Special Characters Recognized 


• Control 
characters 


• Line feed 
• Carriage 
Return 


• 
Backspace 


• 
Form 
feed 
Escape Sequences Recognized 


• ESC, 
A, Cursor 
up 


• ESC, 
B, Cursor 
down 
• ESC, 
C, Cursor 
right 
• ESC, 
D, Cursor 
left 
• ESC, 
E, Clear 
screen 


• ESC, 
H, Home 
cursor 
• ESC, J, Erase to the end of the screen 
• ESC, 
K, Erase the current 
line 


Characters Displayed 


• 96 ASCII 
alphanumeric 
characters 


• Special 
control 
characters 


CRT 
TERMINAL 


SERIAL 
OUTPUT 
LINE 


CRT 
TERMINAL 


SERIAL 
INPUT 
LINE 


Characters 
Transmilled 


• 96 ASCII 
alphanumeric 
characters 


• ASCII 
control 
characters 


Program 
Memory 


• 2K bytes of 2716 EPROM 


Display / Buffer/Stack 
Memory 


• 2K bytes 2114 static 
memory 
(4 packages) 


Data Rate 


• 9600 BAUD 
using 3MHz 
8085 


CRT 
Monitor 


• Ball Bros TV-12, 
12MHz 
B.W. 


Keyboard 


• Any standard 
un-encoded 
ASCII 
keyboard 


Screen 
Refresh 
Rate 


• 60 Hz 


5.3 HARDWARE 
DISCRIPTION 


A block diagram 
of the CRT 
terminal 
is shown 
in 


Figure 
5.1. The 
diagram 
shows 
only the essential 


system features. 
A detailed 
schematic 
of the CR T is 


contained 
in 
the 
Appendix. 
The 
terminal 
was 


constructed 
on a simple 
6" by 6" wire wrap board. 
Because of the minimum 
bus loading 
no buffering 
of 


any kind was needed 
(see Figure 
5.2). 


The 
"heart" 
of 
the 
CRT 
terminal 
is the 
8085 


microprocessor. 
The 
8085 initializes 
all devices 
in 


the 
system, 
loads 
the 
CRT 
controller, 
scans 
the 
keyboard, 
assembles 
the 
characters 
to 
be trans- 


Worst case bus loading: 


Data Bus: 
8275 
8255A-5 
8253-5 
8253-5 
8251A 


2x 2114 


2716 
8212 


20pf 
20pf 
20pf 
20pf 
20pf 
10pf 
12pf 
12pf 


114pf max 


Only 
As - A15 are .important 
since 
Ao 


latched 
by the 8212 


Address 
Bus: 4x 2114 


2716 
20pf 
6pf 


26pf max 


This loading assures 
that all components 
will be 
compatible 
with 
a 3M Hz 8085 
and that no wait 
states will be required 


mitted, 
decodes 
the incoming 
characters 
and deter- 


mines 
where 
the character 
is to be placed 
on the 


screen. 
Clearly, 
the processor 
is quite 
busy. 


A standard 
list of LSI peripheral 
devices surround 


the 8085. The 825 IA is used as the serial communi- 
cation 
link, the 8255A-5 is used to scan the keyboard 


and 
read 
the 
system 
variables 
through 
a set 
of 


switches, 
and 
the 
8253 
is used 
as 
a baud 
rate 


generator 
and as a "horizontal 
pulse extender" 
for 
the 8275. 


The 8275 is used as the CR T controller 
in the system, 
and 
a 2716 is used as the character 
generator. 
To 


handle 
the high speed 
portion 
of the terminal 
the 
8275 is surrounded 
by a small handful 
ofTTL. 
The 


program 
memory 
is contained 
in one 2716 EPROM 


and the data and screen memory 
use four 2114-type 
RAMs. 


All devices 
in this system 
are memory 
mapped. 
A 
bipolar 
PROM 
is used to decode all of the addresses 
for the RAM, 
ROM, 
8275, and 8253. As mentioned 


earlier, 
the 
bipolar 
prom 
also 
turns 
READs 
into 
DACK's 
and WR's for the 8275. The 8255 and 8253 
are 
decoded 
by a simple 
address 
line chip select 


method. 
The total 
package 
count 
for the system 
is 
20, not including 
the serial line drivers. 
If this same 
terminal 
were designed 
using the MCS-85 
family of 
integrated 
circuits, 
additional 
part 
savings 
could 
have been realized. 
The four 2114's could have been 


replaced 
by two 8185's and the 8255 and the 2716 
program 
PROM 
could 
have been replaced 
by one 
8755. 
Additionally, 
since 
both 
the 
8185 and 
the 
2716 have address 
latches no 8212 would be needed, 
so the total 
parts 
count 
could 
be reduced 
by three 
or four 
packages. 


5.4 SYSTEM 
OPERATION 


The 
8085 CPU 
initializes 
each 
peripheral 
to the 
appropiate 
mode 
of 
operation 
following 
system 


reset. After initialization, 
the 8085 continually 
polls 
the 8251 A to see if a character 
has been sent to the 


terminal. 
When 
a character 
has been received, 
the 
8085 decodes 
the character 
and 
takes 
appropriate 
action. 
While the 8085 is executing 
the above "fore- 


ground" 
programs, 
it is being interrupted 
once every 
617 microseconds 
by the 8275. This "background" 
program 
is used to load the row buffers on the 8275. 
The 8085 is also interrupted 
once every frame time, 
or 16.67 ms, to read the keyboard 
and the status 
of 


the 8275. 


As discussed 
earlier, 
a special 
POP 
technique 
was 
used 
to rapidly 
move 
the contents 
of the display 
RAM into the 8275's row buffers. The characters 
are 


then synchronously 
transferred 
to the character 
code 
outputs 
CCO-CC6, 
connected 
to 
the 
character 


generator 
address 
lines 
A3-A9 
(Figure 
5.3). Line 
count 
outputs 
LCO-LC2 
from the 8275 are applied 


to the character 
generator 
address 
lines\AO-A2. The 


8275 displays 
character 
rows one line at a time. The 


line count 
outputs 
are used to determine 
which line 
of the character 
selected by A3-A8 will be displayed. 
Following 
the transfer 
of the first 
line to the dot 


timing 
logic, the line count 
is incremented 
and the 


second 
line of the character 
row is selected. 
This 


process 
continues 
until 
the 
last line of the row is 


transferred 
to the dot timing 
logic. 


The 
d'ot 
timing 
logic 
latches 
the 
output 
of the 
character 
generator 
ROM 
into 
a parallel 
in,serial 
out synchronous 
shift register. 
This shift register 
is 
clocked 
at the dot clock 
rate (11.34 
MHz) 
and its 
output 
constitutes 
the video 
input 
to the CRT. 
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Figure 5-3 Character Generator/Dot Timing Logic 


Block Diagram 


PARAMETER 
RANGE 


Vertical 
Blanking 
Time 
900 Ilsec nominal 


(VRTC) 


Vertical 
Drive 
Pulsewidth 
300 jJ.sec .;; PW .;; 1.4 ms 


Horizontal 
Blanking 
Time 
11 Ilsec nominal 


(HRTC) 


Horizontal 
Drive 
Pulsewidth 
25 Ilsec .;; PW .;; 30 Ilsec 


Horizontal 
Repetition 
Rate 
15,750 
±500 
pps 


Before 
any 
specifi~ 
timing 
can 
be calculated 
it is 


necessary 
to determine 
what constraints 
the chosen 


CRT places on the overall timing. The requirements 
for the Ball Bros. TV-12 monitor 
are shown in Table 


5.1. The data from Table 5.1, the 8275 specifications, 
and 
the system 
target 
specifications 
are all that 
is 


needed 
to calculate 
the system's 
timing. 
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First, let's select and "match" a few numbers. From 
our target specifications, we see that each character 
is displayed on a 7 X 10field, and is formed by a 5 X 
7 dot matrix 
(Figure 5.4). The 8275 allows the 


vertical retrace time to be only an integer multiple of 


the horizontal character line. This means that the 
total number of horizontal lines in a frame equals 10 
times the number of character lines plus the vertical 
retrace time, which is programmed to be either 1,2, 
3, or 4 character 
lines. Twenty-five display lines 


CHARACTER 


COUNTER 
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189:9;;;---- 
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~ 


DOT 
CLOCK 
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QA 
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8275 
CHARACTER 
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HORI· 
ZONTAL 


DRIVE 


require 
250 horizontal 
lines. So, if we wish to have 


a 
horizontal 
frequency 
in 
the 
neighborhood 
of 
15,750 
Hz 
we 
must 
choose 
either 
one 
or 
two 


character 
lines for vertical 
retrace. 
To allow for a 
little 
more 
margin 
at the top 
and 
bottom 
of the 


screen, 
two character 
lines were chosen 
for vertical 


retrace. 
This 
choice 
yields 
a net 
250 
+ 20 = 270 
horizontal 
lines per frame. 
So, assuming 
a 60 Hz 
frame: 


60 Hz 
of 270 = 16,200 Hz (horizontal 
frequency) 


This 
value 
falls 
within 
our target 
specification 
of 
15,750 Hz with a 500 Hz variation 
and also assures 


timing 
compatibility 
with the Ball monitor 
since, 20 
horizontal 
sync times yield a vertical 
retract 
time of: 


61. 7 microseconds 
X 20 horizontal 
sync times 
= 
1.2345 milliseconds 


This number 
meets the nominal 
VRTC 
and vertical 
drive 
pulse 
width 
time 
for 
the 
Ball 
monitor. 
A 


horizontal 
frequency 
of 
16,200 
Hz 
implies 
a 


1/ 16,200 = 61. 73 microsecond 
period. 


It 
is now 
known 
that 
the 
terminal 
is using 
250 
horizontal 
lines to display 
data 
and 
20 horizontal 
lines 
to 
allow 
for 
vertical 
retrace 
and 
that 
the 


horizontal 
frequency 
is 16,200 Hz. The next thing 
that needs to be determined 
is how much time must 


be allowed 
for horizontal 
retrace. 
Unfortunately, 


this number 
depends 
almost 
entirely 
on the monitor 


used. Usually, 
this number 
lies somewhere 
between 
15 and 30 percent 
of the total 
horizontal 
line time, 
which 
in 
this 
case 
is 
1/16,200 
Hz 
or 
61.73 


microseconds. 
Since in most designs a fixed number 
of characters 
can be displayed 
on a horizontal 
line, it 


is often useful to express 
retrace 
as a given number 


of character 
times. 
In this design, 
80 characters 
can 


be 
displayed 
on 
a 
horizontal 
line 
and 
it 
was 


empirically 
found 
that 
allowing 
20 
horizontal 


character 
times for retrace 
gave the best results. So, 


in reality, 
there 
are 
100 character 
times 
in every 
given 
horizontal 
line, 
80 
are 
used 
to 
display 


characters 
and 
20 are used to allow 
for retrace. 
It 


should 
be noted that if too many character 
times are 


used for retrace, 
less time will be left to display 
the 
characters 
and 
the 
display 
will not "fill out" 
the 


screen. 
Conversely, 
if not enough 
character 
times 
are allowed 
for retrace, 
the display may "run off' the 
screen. 


One hundred 
character 
times per complete 
horizontal 


line means 
that each character 
requires 


61.73 microseconds 
/lOO character 
times = 617.3 


nanoseconds. 


If we multiply 
the 20 horizontal 
retrace times by the 


1 
1 
I "'," 
I 
",;c 1······1 
"~c 
lWM, 


CHAR4 
CHAR 90 


VIOEO 
FOR 801~ 
CHr 


microseconds 


This value falls short 
of the 25 to 30 microseconds 


required 
by the horizontal 
drive of the Ball monitor. 


To correct 
for this, an 8253 was programmed 
in the 


one-shot 
mode and was used to extend the horizontal 
drive pulsewidth. 


Now 
that 
the 
617.3 
nanosecond 
character 
clock 


period 
is known, 
the dot clock is easy to calculate. 


Since 
each 
character 
is formed 
by placing 
7 dots 


along 
the horizontal. 


DOT 
CLOCK 
PERIOD 
= 617.3 ns 


(CHARACTER 
ClK 
PERIOD)! 
7 DOTS 


DOT 
CLOCK 
PERIOD 
= 88.183 nanoseconds 


DOT 
CLOCK 
FREQUENCY 
= I! PERIOD 
= 
11.34 MHz 


Figures 
5.5 and 
5.6 illustrate 
the basic dot timing 


and the CRT 
system 
timing, 
respectively. 


6. SYSTEM 
SOFTWARE 


6.1 SOFTWARE 
OVERVIEW 


As mentioned 
earlier the software 
is structured 
on a 


"foreground-background" 
basis. 
Two 
interrupt- 


driven 
routines, 
FRAME 
and 
POPDAT 
(Fig. 6.1) 


request 
service 
every 
16.67 milliseconds 
and 
617 


microseconds 
respectively, 
frame 
is used to check 


the baud 
rate switches, 
update 
the system 
pointers 


and decode 
and assemble 
the keyboard 
characters. 
POPDAT 
is u~ed to move data 
from the memory 
into the 8275's row buffer 
rapidly. 


The foreground 
routine 
first examines 
the line-local 


switch 
to 
see 
whether 
to 
accept 
data 
from 
the 


USART 
or the keyboard. 
If the terminal 
is in the 


local mode, action 
will be taken 
on any data that is 


entered 
through 
the keyboard 
and the USART 
will 


be ignored 
on both output 
and input. 
Ifthe terminal 


is 
in 
the 
line 
mode 
data 
entered 
through 
the 


keyboard 
will be transmitted 
by the USART 
and 


action 
will be taken 
on any 
data 
read 
out of the 


USART. 


When 
data 
has 
been 
entered 
in the terminal 
the 


software 
first 
determines 
if the character 
received 


was an escape, 
line feed, form feed, carriage 
return, 


back 
space, 
or simply 
a printable 
character. 
If an 


escape 
was received 
the terminal 
assumes 
the next 


received 
character 
will 
be a recognizable 
escape 


sequence 
character. 
If 
it 
isn't 
no 
operation 
is 


performed. 


After the character 
is decoded, 
the processor 
jumps 


to the routine 
to perform 
the required 
task. 
Figure 


6.2 is a flow chart 
of the basic software 
operations; 


the program 
is listed in Appendix 
6.8. 
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6.2 SYSTEM 
MEMORY 
ORGANIZATION 
: 


The 
display 
memory 
organization 
is 
shown 
in 


Figure 
6.3. The display 
begins at location 
0800H in 


memory 
and ends at location 
OFCFH. 
The 48 bytes 


of 
RAM 
from 
location 
OFDOH 
to 
OFFFH 
are 


used as system stack and temporary 
system storage. 
2K 
bytes 
of 
PROM 
located 
at 
OOOOH through 


07FFH 
contain 
the systems 
program. 


6.3 MEMORY 
POINTERS 
AND 
SCROLLING 


To 
calculate 
the 
location 
of a character 
on tHe 


screen, three variables 
must be defined. 
Two of these 


variables 
are the 
X and' Y position 
of the cursor 


(CURSX, 
CURSY). 
In 
addition, 
the 
memory 


address 
defining 
the top line of the display 
must be 


known, 
since scrolling 
on the 8275 is accomplished 


simply by changing 
the pointer 
that loads the 8275's 


row 
buffers 
from 
memory. 
So, 
if it is desired 
to 


scroll 
the 
display 
up 
or 
down 
all 
that 
must 
be 


changed 
is one 16-bit memory 
pointer. 
This pointer 


is entered 
into the system 
by the variable 
TOPAD 


(TOP Address) 
and always defines the top line of the 


display. 
Figure 
6.4 details 
screen 
operation 
during 


scrolling. 


0800H 
0850H 
08AOH 
08FOH 
0940H 
0990H 
09EOH 
OA30H 
OA80H 
OADOH 
OB20H 
OB70H 
OBCOH 
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OD50H 
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084FH 


0851 H 
089FH 
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08EFH 
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093FH 


0941 H 
098FH 


0991 H 
090FH 
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OACFH 
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OCFFH 
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OD51 H .: 
OD9FH 


ODA1H 
ODEFH 


ODF1H 
OE3FH 


OE41H 
OE8FH 


OE91H 
OEDFH 


OEE1 H 
OF2FH 


OF31H 
OF7FH 


OF81 H 
OFCFH 


Subroutines 
CALCU 
(Calculate) 
and ADX (ADd X 


axis) 
use 
these 
three 
variables 
to 
calculate 
an 


absolute 
memory 
address. 
The subroutine 
CALCU 


is used whenever 
a location 
in the screen 
memory 


must be altered. 


One important 
question 
that 
must 
be asked 
about 


the terminal 
software 
is, "How fast does it run". This 


is important 
because 
if the terminal 
is running 
at 


9600 baud, 
it must 
be able to handle 
each received 


character 
in 
1.04 
milliseconds. 
Figure 
6.5 
is a 


flowchart 
of 
the 
subroutine 
execution 
times. 
It 


should 
be pointed 
out that all of the times listed are 


"worst 
case" 
execution 
times. 
This 
means 
that 
all 


routines 
assume they must do the maximum 
amount 


of data manipulation. 
For instance, 
the PUT routine 


assumes 
that the character 
is being placed in the last 


column 
and that a line feed must follow the placing 


of the character 
on the screen. 


How fast do the routines 
need to execute 
in order to 


assure 
operation 
at 
9600 
baud? 
Since 
POPDAT 


interrupts 
occur 
every 
617 
microseconds, 
it 
is 


possible 
to receive two complete 
interrupt 
requests 


in every character 
time (1042 microseconds) 
at 9600 


ROW 1 
0800H 
0801 H ........ 
..... 
084FH 
ROW2 
0850H 
0851 H ............. 
089FH 


ROW2 
0850H 
0851 H ....... 
..... 
089FH 
ROW3 
08AOH 
08A1H 
· ........... 
08EFH 


ROW3 
08AOH 
08A1 H 
.... 08EFH 
ROW4 
08FOH 
08F1H ... 
. ....... 
093FH 


ROW4 
08FOH 
08F1 H ............. 
093FH 
ROW5 
0940H 
0941H 
... , ......... 
098FH 


ROW5 
0940H 
0941 H ............. 
098FH 
ROW6 
0990H 
0991 H ........ 
.. 090FH 
ROW6 
0990H 
0991 H ............. 
090FH 
ROW 7 
09EOH 
09E1 H ........... 
OA2FH 
ROW7 
09EOH 
09E1H ............ 
OA2FH 
ROW8 
OA30H 
OA31H 
· ......... 
OA7FH 
ROW8 
OA30H 
OA31H 
........... 
OA7FH 
ROW9 
OA80H 
OA81H 
· .......... 
OACFH 
ROW9 
OA80H 
OA81H 
· .......... 
OACFH 
ROW 10 
OADOH 
OAD1 H ........... 
OB1 FH 


ROW 10 
OADOH 
OAD1 H ........... 
OB1 FH 
ROW 11 
OB20H 
OB21 H · .......... 
OB6FH 
ROW 11 
OB20H 
OB21 H ........... 
OB6FH 
ROW 12 
OB70H 
OB71 H · .......... 
OBBFH 
ROW 12 
OB70H 
OB71 H · .......... 
OBBFH 
ROW 13 
OBCOH 
OBC1 H ........... 
OCOFH 
ROW 13 
OBCOH 
OBC1H 
........... 
OCOFH 
ROW 14 
OC10H 
OC11 H · .......... 
OC5FH 
ROW 14 
OC10H 
OC11H 
· .......... 
OC5FH 
ROW 15 
OC60H 
OC61H 
........... 
OCAFH 
ROW 15 
OC60H 
OC61 H · .......... 
OCAFH 
ROW 16 
OCBOH 
OCB1 H ........... 
OCFFH 
ROW 16 
OCBOH 
OCB1H 
........... 
OCFFH 
ROW 17 
ODOOH 
OD01 H ........... 
OD4FH 
ROW 17 
ODOOH 
OD01 H ........... 
OD4FH 
ROW 18 
OD50H 
OD51 H ........... 
OD9FH 
ROW 18 
OD50H 
OD51 H · .......... 
OD9FH 
ROW 19 
ODAOH 
ODA1H 
........... 
ODEFH 
ROW 19 
ODAOH 
ODA1H 
........... 
ODEFH 
ROW 20 
ODFOH 
ODF1 H ............ 
OE3FH 
ROW 20 
ODFOH 
ODF1H 
............ 
OE3FH 
ROW 21 
OE40H 
OE41H. · . . . . . . . .... OE8FH 
ROW 21 
OE40H 
OE41H ............. 
OE8FH 
ROW 22 
OE90H 
OE91H ............ 
OEDFH 
ROW 22 
OE90H 
OE91H ............ 
OEDFH 
ROW 23 
OEEOH 
OEE1H 
· ........... 
OF2FH 
ROW 23 
OEEOH 
OEE1 H ............ 
OF2FH 
ROW 24 
OF30H 
OF31H ............. 
OF7FH 
ROW 24 
OF30H 
o F31 H ............. 
0 F7 FH 
ROW 25 
OF80H 
OF81H ...... 
....... 
OFCFH 
ROW 25 
OF80H 
OF81H ............ 
OFCFH 
ROW 1 
0800H 
0801 H ............. 
084FH 


After 
Initialization 
After 
1 Scroll 


ROW3 
08AOH 
08A1H 
... 08EFH 


ROW4 
08FOH 
08F1 H ............. 
093FH 


ROW5 
0940H 
0941 H .......... 
.. .098FH 


ROW6 
0990H 
0991 H . . . ..... 
... 090FH 


ROW7 
09EOH 
09E1H. 
_ 
.OA2FH 


ROW8 
OA30H 
OA31H 
... 
.... 
OA7FH 


ROW9 
OA80H 
OA81H 
· . . . . . . 
.. OACFH 


ROW 10 
OADOH 
OAD1 H 
..... 
.. OB1FH 


ROW 11 
OB20H 
OB21 H · .......... 
OB6FH 


ROW 12 
OB70H 
OB71 H ........... 
OBBFH 


ROW 13 
OBCOH 
OBC1 H 
.. OCOFH 


ROW 14 
OC10H 
OC11 H 
.OC5FH 


ROW 15 
OC60H 
OC61H 
.. OCAFH 


ROW 16 
OCBOH 
OCB1 H 
..... 
OCFFH 


ROW 17 
ODOOH 
OD01 H 
.. OD4FH 


ROW 18 
OD50H 
OD51 H 
· . . . . . . . . . .OD9FH 


ROW 19 
ODAOH 
ODA1H 
.......... 
ODEFH 


ROW 20 
ODFOH 
ODF1 H ............ 
OE3FH 


ROW 21 
OE40H 
OE41H ............. 
OE8FH 


ROW 22 
OE90H 
OE91H ............ 
OEDFH 


ROW 23 
OEEOH 
OEE1 H ............ 
OF2FH 


ROW 24 
OF30H 
OF31H ............ 
OF7FH 


ROW 25 
OF80H 
OF81H ............ 
OFCFH 


ROW 1 
0800H 
0801 H 
... 084FH 


ROW 2 
0850H 
0851H 
............. 
089FH 


ROW4 
08FOH 
08F1 H .......... 
.. .093FH 


ROW5 
0940H 
0941 H .. '., 
..... 
... 098FH 


ROW6 
0990H 
0991 H ......... 
.... 090FH 


ROW7 
09EOH 
09E1 H .......... 
.. OA2FH 


ROW8 
OA30H 
OA31H 
......... 
.. OA7FH 


ROW9 
OA80H 
OA81H 
· . . . . . . . . . .OACFH 


ROW 10 
OADOH 
OAD1 H ....... 
I , .. OB1FH 


ROW 11 
OB20H 
OB21 H 
........... 
OB6FH 


ROW 12 
OB70H 
OB71H 
... , ....... 
OBBFH 


ROW 13 
OBCOH 
OBC1 H ... 
J 
•.••.•. 
OCOFH 


ROW 14 
OC10H 
OC11 H 
· . . , ..... 
.. OC5FH 


ROW 15 
OC60H 
OC61H 
· . ....... 
. .OCAFH 


ROW 16 
OCBOH 
OCB1 H ........... 
OCFFH 


ROW 17 
ODOOH 
OD01 H 
· . ....... 
.. OD4FH 


ROW 18 
OD50H 
OD51H 
........... 
OD9FH 


ROW 19 
ODAOH 
ODA1H 
....•...... 
ODEFH 


ROW 20 
ODFOH 
ODF1 H ............ 
OE3FH 


ROW 21 
OE40H 
OE41H .....•....... 
OE8FH 


ROW 22 
OE90H 
OE91k 
... ......... 
OEDFH 


ROW 23 
OEEOH 
OEE1H 
........... 
OF2FH 


ROW 24 
OF30H 
OF31H .... 
'" 
...... 
OF7FH 


ROW 25 
OF80H 
OF81H ......•..... 
OFCFH 


ROW 1 
0800H 
0801 H ............. 
084FH 


ROW 2 
0850H 
0851 H .... 
...... 
... 089FH 


ROW 3 
08AOH 
08A1 H · ........... 
08EFH 


baud. 
Each 
POPDAT 
interrupt 
executes 
in 211 


microseconds 
maximum. 
This 
means 
that 
each 


routine 
must execute 
in: 


By adding 
up the times for any loop, it is clear that 
all routines 
meet this speed 
requirement, 
with the 
exception 
of ESe 
J. This means that if the terminal 


is operating 
at 9600 baud, at least one character 
time 


must 
be inserted 
after an ESe 
J sequence. 


Uf¥D 


INITIALIZE 


P011 
53J.Ls 
I 
CHREC 
43J.Ls 


esc A 
esc B esc C 
esc 0 esc E 
esc H 
esc J 
esc K 
IF 
CR 
OUT 
78.7J.Ls 324J.Ls 107J.Ls 119J.Ls 316J.Ls 105J.Ls 862J.Ls 310J.Ls 306J.Ls 42J.Ls 
456 


1 


01 
I, 
I 
J J J J ,,1 


.5 


Ao SHEET 1 


AT SHEET 1 


330n 
3300 
, 


DO SHEET 1 
~ 
1~11 ~ 
T 


ClR 
A 
a 
e 
p 
T 
le18 
(2) II (3) C; 


2ClKlli 
i31 
(41 1'1 
171110106 


0, 
SHEET 1 
(4) 
74163 


02 SHEET 1 
7404 
1404 
" 


0,\ 
lJeOD 
-=- 


~ 
, 
, 
:~ 


03 SHEET 1 
DOTose 
1321 


04 SHEET 1 
Ie 12 
7410 


05 SHEET 1 


06 SHEET 1 
12 


07 SHEET 1 
DOT CLOCK 


RD SHEET 1 
Ie 10 7474 


R SHEET 1 
~+', 
T~ 


PRESET 
, 


~12 
, 


21 
28 
Z9 30 
31 
323334 
I 
1918 
I, 
16 
151413 
12 
le1S 
1 
Ie 16 


'cc 
01°6 
Os 
[14 03 
02 
01 '" 
L.!!. °7°6°5°4°3°2 
" '" 
$!......1!., 
",:!..-l! 
H 
eLK 


Wii~ 
" 
ee, 
15 


AD 5 
TOIt3 D7"-':: 
RD 
cc5.?L..ll"s 
01~G 
lOAD 


CS~TOO5IC3 
CC4~"1 
Ozfl!---!l 
F 


- 
14pCO 
, 
ee3I!L-.! 
"6 
D3~E 


-<I~~ 
•• 
TOIC3D3~WR 


-<.T~ 
15PCl 
" , 
eez n..-1 
"5 
2716 
04~D 
74166 


-<:T_ 
16PCZ 
le17 
" 
TORESETDUT80BS 


CC11L-....!"4 
osJ.L....! 
C 


-<.T~~ 
17pt] 
8255A·5 
'80 
18 
"'0 


TOIC3116~CS 
8275 
Cl1J lL-J. "3 
",!L--1 a 


-<I_ 


13PC4 
'"' 


19 
'" 


Ie 13 
l2~A2 
07 fll..-! 
A 


-v_ 


12pCS 
PHZ 
ZO 
'" 


TOIC3D4~ 
OACK 
U l..-...1. 
"1 


-<.T~ 
11 
PCa 
P8321 
"3 
TOICI AST6.S.,....i 
ORO 


LO.!..........!"o 


0, 


10 
PC7 
" 
-<:r 
PRo 
"" 
13 


BAUD RATE SENSE 
''s 23 
"5 
TOIC1RST5S..,.1.!.IRO 
HATe' 
rrTO 
GATE 
0 


-=- 
SWITCHES 
AND 
VCC~ 
14 
00 
8253PG1 
l· 


LINE-LOCAL 
PB, 
"'a 
"Te~'eLK 
SWITCH 
n 
P81l5 
"'1 
TOIL10PIN5~ 
l:::~0 


-=- 
:r:i' l' ~3~i';'FH 
f 


CClK 


10Kl] 
IC13 
01 
01 


'cc 
9ClK r 


SIoSll 
SllSl3Sl4 
Sl5Sl6Sl1 


KEYBOARD 
KEYBOARD 
SCAN LINES 
L.- 


~ 
- 
RETURN 
LINES 
9ClK 


"t- 
IC 12 


7410 


L-~' 
;~,:2 
l 
9ClK 


74175 
7404 
1K 


OUTO 
IC14 
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7.1 


8253PG1 r 
CRT TERMINAL 
IS) 
16) 


g 
~ 


J J 


; -"· 
~..."- 


""~: 
~-•.. 


0" "..- 
~- 


I 
••· 
~: 
· 
;- 
",0,,- 
CO~-.." 
:t'"· 
"'. 
C 


iLl 
. 


~~~d 
ei 


Appendix 
7.2 
KEYBOARD 
INTERFACE 


The 
keyboard 
used 
in this 
design 
was 
a simple 
unencoded 
ASCII 
keyboard. 
In order 
to keep the 
cost to a minimum 
a simple scan matrix 
technique 
was 
implemented 
by using 
two 
ports 
of an 8255 
parallel 
110 device. 


When 
the system 
is initialized 
the contents 
of the 
eight keyboard 
RAM 
locations 
are set to zero. Once 
every frame, which is 16.67 milliseconds 
the contents 
of the keyboard 
ram is read and then rewritten 
with 
the contents 
of the current 
switch matrix. 
If a non- 
zero value of one of the keyboard 
RAM 
locations 
is 
found 
to be the same as the corresponding 
current 
switch 
matrix, 
a valid 
key push 
is registered 
and 


action 
is taken. 
By operating 
the keyboard 
scan in 
this manner 
an automatic 
debounce 
time of 16.67 
milliseconds 
is provided. 


Figure 
7.2A shows the actual 
physical 
layout 
of the 
keyboard 
and Figure 7.2B shows how the individual 
keys were encoded. 
On Figure 7.2B the scan lines are 
the numbers 
on the bottom 
of each key position 
and 
the return 
lines are the numbers 
at the top of each 
key position. 
The shift, control, 
and caps lock key 
were brought 
in through 
separate 
lines of port C of 
the 
8255. 
Figure 
7.3 
shows 
the 
basic 
keyboard 
matrix. 


In order 
to guarantee 
that two scan lines could not 
be shorted 
together 
if two or more keys are pushed 
simultaneously, 
isolation 
diodes 
could 
be added 
as 
shown 
in Figure 
7.4. 


TOP NUMBER 
= RETURN LINE 


BOTTOM 
NUMBER 
= SCAN LINE 


Appendix 
7.3 
ESCAPE/CONTROL/DISPLAY 
CHARACTER 
SUMMARY 


CONTROL 
CHARACTERS 


OISPLA Y ABLE 
CHARACTER 
ESCAPE 
SEQUENCE 


BIT 
000 
001 


010 
011 
100 
101 
110 
111 
010 
011 
100 
101 
110 
111 


@ 
p 


0000 
NUL 
OLE 
SP 
¢ 
@ 
P 
P 


A 
DCI 
Q 
- 
t 
0001 
SOH 
! 
I 
A 
Q 
A 
Q 
A 


B 
R 
" 
+ 


0010 
STX 
OC2 
, 
2 
B 
R 
B 
R 
B 
" 


C 
S 
- 
0011 
ETX 
OC3 
# 
3 
C 
S 
C 
S 
C 


D 
T 


0100 
EOT 
OC4 
$ 
4 
0 
T 
D 
T 
- D 


E 
u 


0101 
ENQ 
NAK 
% 
5 
E 
U 
E 
U 
CLR 
E 


F 
v 


0110 
ACK 
SYN 
& 
6 
F 
V 
F 
V 


::::::::::::::::::;;;:\f::: 
w 


0111 
:::::::~""~::>:... ETB 
7 
G 
W 
G 
W 
; 


rr::@iW 
x 


1000 
CAN 
( 
8 
H 
X 
H 
X 
HOME 
H 


I 
y 
1001 
HT 
EM 
) 
9 
I 
Y 
I 
Y 


z 
. 
1010 
SUB 
J 
Z 
J 
Z 
EOS 
I 


K 
«<'::::::::::::f: 


1011 
VT 
JE~~'?:::::::::: 
+ 
K 
[ 
K 
EL 
J 


L 
/ 
1100 
FF 
FS 
< 
L 
\ 
L 


......:.: :::::::::::::Ji{:: 


1101 
... A=:fl:: ;:;:;:::> 
GS 
- 
= 
M 
J 
M 


N 
i\ 


1110 
SO 
RS 
> 
N 
II 
N 


0 


1111 
S1 
us 
- 
/ 
? 
0 
- 
0 


+5 


8 
9 
0 
\ 
BS 
BREAK 
10K 


0 


10K 


10K 


2 
III 
w 
10K 
z 
::::i 
3 
Z 
II: 
::::l 
10K 
I- 
w 
II: 
4 


10K 


5 


10K 


6 
10K 


7 


Appendix 
7.4 
PROM DECODING 


As stated earlier, 
all of the logic necessary 
to convert 


the 
8275. into 
a 
non-DMA 
type 
of 
device 
was 


performed 
by a single small 
bipolar 
prom. 
Besides 


turning 
certain 
processor 
READS 
into DACKS 
and 


WRITES 
for the 8275, this 32 by 8 prom 
decoded 


addresses 
for the system ram, rom, as well as for the 


8255 parallel 
I/O 
port. 


Any bipolar 
prom that 
has a by eight configuration 


could 
function 
in this application. 
This 
particular 


device was chosen 
simply 
because 
it is the only "by 


eight" 
prom 
available 
in a 
16 pin 
package. 
The 


connection 
of the prom 
is shown 
in detail in Figure 


7.5 and its truth 
table 
is shown 
in Figure 
7.6. Note 


that when a fetch cycle (M I) is not being performed, 
the 
state 
of the 
SOD 
line 
is the only 
thing 
that 
determines 
if memory 
reads will be written 
into the 


8275's 
row 
buffers. 
This 
is done 
by pulling 
both 


DACK 
and WRITE 
low on the 8275. 


Also note that all of the outputs 
of the bipolar 
prom 


MUST 
BE 
PULLED 
HIGH 
by a resistor. 
This 


prevents 
any unwanted 
assertions 
when the prom is 


disabled. 


(Rd' Wr) . A13 


ENABLE 


DO 
CE2716 


SOD 
Ao 
01 
CE 2114 
(8085) 
0800H-OBFFH 


A10 
A1 
02 
CE 2114 
(8085) 
OCOOH-OFFFH 


A11 
~ 
03 
w- 
(8085) 
8275 


A12 
A3 
04 
OACK 
(8085) 
8275 


M1 
~ 
05 
CS 
(8085) 
8255 


M1 = SO' S1 
06 
CS 
8275 


VCC 
VCC 
07 
Ril 


GNO 
GNO 
8275 


Figure 7-5. Bipolar Prom (825123) Connection 


I~ If! If! ~ 
a::;; 
I 
...J 


N 
0 " 
'" 
:e 
'" 
'" 
'" 
;! ..• ~ 
... 
'" 
... 
[;; 
i 
:( 
:( 
:( 
0 
N 
N 
N 
N 
N 
N 
l/) 
., ., ., ., ., 
N 


A4 A3 A2 A1 AO 
07 
06 
05 
04 
03 
02 
01 00 


0 
O' 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
0 
0 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 


0 
0 
1 
1 
0 
1 
1 
1 
1 
1 
0 
1 
1 


0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 


0 
1 
0 
0 
0 
1 
0 
1 
1 
0 
1 
1 
1 


0 
1 
0 
0 
1 
1 
0 
1 
1 
0 
1 
1 
1 


0 
1 
0 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 


0 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 


0 
1 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
1 


0 
1 
1 
0 
1 
1 
1 
0 
1 
1 
1 
1 
1 


0 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
1 
1 


0 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 
1 
1 
1 
1 
1 
0 
0 
1 
1 
0 
1 
0 
1 
0 
0 
1 
1 
1 
1 
1 
1 
0 
1 
1 
0 
1 
0 
1 
1 
1 
1 
0 
0 
1 
0 
1 


1 
0 
1 
1 
0 
1 
1 
1 
1 
1 
0 
1 
1 


1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
1 


1 
1 
0 
0 
0 
1 
0 
1 
1 
0 
1 
1 
1 


1 
1 
0 
0 
1 
1 
0 
1 
1 
0 
1 
1 
1 


1 
1 
0 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 


1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 


1 
1 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
1 


1 
1 
1 
0 
1 
1 
1 
0 
1 
1 
1 
1 
1 


1 
1 
1 
1 
0 
1 
1 
0 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 


Figure 7-6. Truth Table Bipolar Prom 


Appendix 
7.5 


CHARACTER 
GENERATOR 


As previously mentioned, the character generator 
used in this terminal is a 2716 or 2758 EPROM. A 
IK by 8 device is sufficient since a 128character 5 by 
7 dot matrix only requires 8K of memory. Any 
"standard" 
or custom character 
generator 
could 


have been used. 
The three low-order line count outputs (LCO-LC2) 
from the 8275 are connected to the three low-order 
address lines of the character 
generator 
and the 


seven character generator outputs (CCO-CC6) are 
connected to A3-A9 of the character generator. The 
output from the character generator is loaded into a 
shift register and the serial output from the shift 
register is the video output of the terminal. 


Now, let's assume that 
the letter "E" is to be 


displayed. The ASCII code for "E" is 45H. So, 45H 
is presented to address lines A2-A9 of the character 
generator. The scan 'lines will now count each line 
from zero to seven to "form" the character as shown 
in Fig. 7.7. This same procedure is used to form all 
128 possible characters. 


It should be obvious that "custom" character fonts 
could be made just by changing the bit patterns in 
the character 
generator 
PROM. 
For reference, 


Appendix 
7.6 
contains 
a 
HEX 
dump 
of the 


character generator used in this terminal. 


45H = 01000101 
Address 
to Prom = 01000101 
SL2 SL 1 SLO 


= 228H - 22FH 


Depending 
on state of Scan 


lines. 


Rom Address 
228H 
229H 
22AH 
22BH 
22CH 
22DH 
22EH 
22FH 


Rom Hex Output 
3E 
0 
1 


02 
02 
OE 
02 
02 
3E 
00 


Bit Output' 
234567 


Appendix 
7.6 
I 


HEX DUMP 
OF CHARACTER 
GENERATOR 


:100~000001030030000000000000000000000000E~ 
:10001003000000000000000000000000~000~000E0 
:1000200000000000000000000000000000000000D0 
:1000300000000000000000300000000000300030C0 
:103040330000300000000000000000000000000080 
:1003500000000003000000000000300000003000A0 
:100360303333300000000000000000000000000090 
:100070~00000000000000000300000003000000080 
:100080~00000030000000~00000000000000000070 
:10009000000000000000082~1C081C2A08000000BC 
:1000A0000300003000000000000000000000000050 
:1000B0030000000000000000000000000000000040 
:1000C0000000000000000000000000000000000030 
:1000D0000000000000000000000000000000000020 
:1000E0000000000000000000000000000000000010 
:1000F0000000000000000000000000000000000000 
:1001000000000000000000000808080808000800BF 
:10011000141414000000000014143E143E141400C3 
:10012000083C0~1C281E08000~26100804323000('D 
:10013000040A0A042A122C00080808000000000023 
:100140000804 02020204 0800081020202010080001 
:10015000082A1C081C2A08000008083E080800009D 
:1001n00000000000000808040000003C000000003~ 
:100170000000000000001800002010080402000029 
:100180001C22322A26221C00080C080808081C0021 
:100190031C22201C02023E003E20101820221C00BF 
:1001A000101814123E10100038021E2020221C00C7 
:1001B0003804021E22221C003E2010080404040001 
:1001C0001C22221C22221C001C22223C20100E0079 
:1001D00000000800000800000000080000080804F3 
:1001E000100804020408100000003E003E00000059 
:1001F00004081020100804001C2220100808000821 
:100200001C222A3A1A023C00081422223E22220012 
:100210001E24241C24241E001C22020202221C0074 
:100220001E24242424241E003E02020e02023E004C 
:100230003E02020E020202003C02023A22223C00r,E 
:100240002222223E222222001C08080808081C0044 
:100250007020202020221C0022120A0~0A122200EE 
:100260000202020202023E00223n2A2A2222220032 
:1002700022262A32222222001C22222222221C0092 
:100280001E22221E020202001C2222222A122C00FE 
:100290001E22221E0A1222003C02021C20201E0086 
:1002A0003E080808080808002222222222221C00F8 
:1002B0002222222222140800222222222A3622006E 
:1002C00022221408142222002222221408080800E4 
:1002D0003E20100804023E001C04040404041C0018 
:1002E00000020408102000003820202020203800C0 
:1002~000081C2A0808080800000000000000007E12 
:10030000099011000000000000003C203C223C004E 
:1003100002021A2622221E0000003804840438003S 
:1003200020202C3222223C00000038248C84B8005B 
:100330003824040E040404000000BC22223C203CA8 
:1003400002021A2622222200080008080808900048 
:100350002000202020A42418020222120A162200C3 
:1003600088080808080890000000362A2A2222007F 
:1003700000001A262222220000001824242418003B 
:1003800003001E22221E020200001C22223C20200D 
:1003900000001A260202020000003B0418201C0087 
:1003A00008081C08080890300000222222324C0095 
:1003B0000000222222140800000022222A3E1400FB 
:1003C000000022140814220000002222223C20388F 
:1003D00000003E1008043E0018888903888919002F 
:1003E00008080808080808080C90912190910D0051 
:1003F00000008C2BB0010000000000000000000095 


Appendix 
7.7 


COMPOSITE 
VIDEO 


In this 
design, 
it was 
assumed 
that 
the 
monitor 
required 
a separate 
horizontal 
drive, vertical 
drive, 
and video input. 
However, 
many monitors 
require a 


composite 
video 
signal. 
The 
schematic 
shown 
in 


Figure 
7.8 illustrates 
how to generate 
a composite 


video signal 
from the output 
of the 8275. 


The dual one-shots 
are used to provide a small delay 


and the proper 
horizontal 
and vertical 
pulse to the 


composite 
video 
monitor. 
The delay introduced 
in 


the vertical 
and horizontal 
timing is used to "center" 


the display. 
VRI 
and 
VR2 control 
the amount 
of 
delay. IC3 is used to mix the vertical 
and horizontal 


retrace 
and Q I along with the R I, R2, and R3 mix 
the 
video 
and 
the retrace 
signal 
and 
provide 
the 
proper 
DC levels. 


COMPOSITE 
VIDEO 
OUT 


Appendix 
7.8 
SOFTWARE 
LISTINGS 


1800 
1801 
18a2 
18a3 
Aaal 
Aaaa 
6aaa 
6aal 
6aa2 
6aa3 
laal 
laaa 
14al 
a8aa 
aF8a 
aFDa 
aa18 
aasa 
aFEa 


aaa0 
F3 
aaal 
3lEaeF 


ee04 
21eea8 


aee7 
22E3eF 


eaeA 
22E81'lF 


aeeD 
3Eel'l 


eeeF 
32EleF 


en2 
32E2aF 


ee15 
32EBaF 


ae18 
32E7eF 


a01B 
32EAaF 


SEQ 
SOURCE STATEMENI' 


1 $"10005 
MACROFlLE 
2 
;NO 
!l'IA 
8275 
SOF1WARE ALL 
I/O 
IS 
MEMCRY MAPPED 
3 
;SYSTEM 
RO'I 0aeeH 
TO 07FFH 
4 
;SYSTEM 
RNoI 08e0H 
TO eFFFH 
5 
;8275 
WRITE 
leeeH 
TO 
13FFH 
~ 
'8275 
READ 14e0H 
TO 17FFH 
7 
; 8255 
READ/WUTE 
1800H 
TO 
IFFF 
8 
;8253 
ENABLED BY A14 
9 
'8251 
ENABLED BY A15 
le 
PORTA 
~QU 
18eeH 
;8255 
PORT A ADDRESS 


11 
PCRTB 
ECU 
18elH 
;8255 
PORT B ADCRESS 
12 
PORon: 
EQU 
1802H 
;8255 
PORT C ADCRESS 
13 
CNWD55 
EQU 
1803H 
;8255 
CONTROL PORT ADCRESS 
14 
USTF 
EQU 
eM01H 
;8251 
FLACS 
15 usm 
ECU 
MQJQJ\'JH 
;8251 
DATA 
16 
CNT\'J 
EQU 
6QJQJ0H 
;8253 
CQUN'rER a 
17 
CNTl 
EQU 
6QJQJIH 
;8253 
COUNTER 1 
18 CNT2 
EQU 
6QJQJ2H 
;8253 
COUNTER 2 


19 CN'I'I"1 
ECU 
6QJ\'J3H 
;8253 
MODE WCRD 
2a CRTS 
ECU 
l\'JQJIH 
;8275 
CONTROL ADDRESS 
21 CRT!"! 
EQU 
lQJ0\'JH 
;8275 
MODE ADDRESS 
22 
INT75 
EQU 
14QJIH 
;8275 
INTERRUPT 
CLEAR 
23 
TPDIS 
ECU 
08\'JQJH 
;TOP 
OF DISPLAY 
AA"I 
24 
BTaIS 
EQU 
\'JF8QJH 
;BOTr<J.I 
OF DISPlAY 
AA'" 
25 
LAST 
EQU 
QJFDQJH 
;FIRST 
BYTE AFTER 
DISPLAY 
26 
CLRBOr 
EQU 
18H 
;BOTr<J.I 
Y CLRSOR 
27 
LNGrH 
EQU 
\'J0saH 
; LENGTH OF eN: 
LINE 
28 
STPTR 
EQU 
QJFE\'JH 
; LOCATION 
OF STPCK POIN'rER 


~~ 
: START 
PRCrnA."'I 
31 
; ALL 
Vl\RIABLES 
ARE 


3233 
01 
34 
LXI 
35 
LXI 
36 
SHLD 
37 
SHLD 
38 
MVI 
39 
STA 
4\'J 
STA 
41 
STA 
42 
STA 
43 
STA 


SP STPTR 
!tut,XgIS 


ClRAD 
A,a3H 
CURSY 
CURSX 
KBCHR 
USCHR 
KEYa'IN 


INITIALIZED 
BEFORE ANYrHING 
ELSE 


;DISABLE 
INTERRUPTS 


; LOAD STACK POIN'I'ER 
;LOAD 
H&L WITH 
TOP OF DISPLAY 


;SET 
'rap = TOP OF DISPLAY 
;STORE 
THE CURREm' ADCRESS 
;ZERO A 
;ZERO CURSOR Y POINTER 
; ZERO CURSOR X POIN'rER 
;ZERO 
KBD CHAAACTER 
;ZERO 
USART CHAR BUFFER 
;ZERO 
KEY lX)NN 


APPLICATIONS 


9IUE 
32ED0F 
44 
STA 
KEIDK 
iZERO KEYOK 
9921 
32EE9F 
45 
STA 
ESCP 
iZERO ESCAPE 
9924 
C39891'J 
46 
JMP 
£..PK130 
iJU"IP AND SE:T EVERYTHING UP 
47 
~THIS 
JU~P 
VECTCR IS 
UJCATED AT THE RST 5.5 
I.OCATION 
48 
49 
'OF 
THE 8085. 
IT 
IS 
USED TO READ THE 8275 
STATUS AND 
50 
; READ THE KE'fBO\RD. 
THIS 
ROUTINE IS 
EXECUTEDONCE EVERY 
51 
i16.6~7 
MI£..LISECONDS. 
52 
i 
992C 
53 
ORG 
992CH 
992C 
C35791 
54 
JMP 
FAA'ItE 
55 
~THIS 
ROUTINE IS 
UJCATED AT THE RST 6.5 
I.OCATION OF THE 
56 
57 
iOO85 
AND IS 
USED TO LOAD THE O\TA TO BE DISPLAYED INTO 
58 
iTHE 8275. 
THIS 
ROUfINE 
IS 
EXECUTEDONCE EVERY 617 
MICRa> EX:oors • 
59 
6RG 
91B4 
60 
34H 
9934 
F5 
61 POPDAT: PUSH 
PSW 
iSAVE A AND FLAGS 
9935 
E5 
62 
PUSH 
H 
iSAVE HAND £.. 
9936 
D5 
63 
PUSH 
0 
iSAVE D AND E 
9937 
219999 
64 
LXI 
~p9999H 
iZERO H AND L 
99JA 
39 
65 
lY\D 
i PU'f STACK POIN'fER 
IN HAND£.. 
993B 
EB 
66 
XCtK; 
iPUT STACK IN D AND E 
993C 
2AE80F 
67 
£..HI.D 
CURAD 
iGET POINTER 
993F 
F9 
68 
SPH£.. 
i PUT CURREtfl' £..INE Itfl'O 
SP 
9949 
3a::9 
159 
:"!VI 
A,OC9H 
iSE:T MASK FOR SIM 
9042 
39 
79 
SIM 
71 
REPl' 
(LNGl'tV2) 
72 
POP 
H 
73 
ENIM 
0943 
E1 
74+ 
POP 
H 
9044 
E1 
75+ 
POP 
H 
9945 
E1 
76+ 
POP 
H 
9046 
E1 
77+ 
POP 
H 
9047 
E1 
78+ 
POP 
H 
9048 
E1 
79+ 
Pop 
H 
9049 
E1 
80+ 
Pop 
H 
90411. El 
81+ 
POP 
H 
904B 
E1 
82+ 
POP 
H 
904C 
El 
83+ 
Pop 
H 
904D E1 
84+ 
POP 
H 
994E 
E1 
85+ 
POP 
H 
994F 
E1 
86+ 
Pop 
H 
9050 
E1 
87+ 
POP 
H 
9951 
E1 
88+ 
POP 
H 
9952 
E1 
89+ 
POP 
H 
9053 
E1 
99+ 
POP 
H 
9054 
E1 
91+ 
POP 
H 
9055 
E1 
92+ 
POP 
H 
9056 
E1 
93+ 
POP 
H 
9957 
E1 
94+ 
POP 
H 
9riJ58 E1 
95+ 
POP 
H 
riJI'J59E1 
96+ 
POP 
H 
riJ95/1.E1 
97+ 
POP 
H 
9058 
E1 
98+ 
POP 
H 
995C 
E1 
99+ 
PoP 
H 
9050 
E1 
100+ 
PoP 
H 
995E 
E1 
191+ 
POP 
H 
0~5F 
E1 
102+ 
PoP 
H 
riJ060 E1 
1riJ3+ 
PoP 
H 
9061 
E1 
104+ 
POP 
H 
9962 
E1 
11'.15+ 
Pop 
H 
9963 
E1 
196+ 
Pop 
H 
9964 
E1 
197+ 
Pop 
H 
9065 
E1 
198+ 
PoP 
H 
9066 
El 
199+ 
PoP 
H 
9067 
E1 
110+ 
Pop 
H 
9068 
E1 
111+ 
POP 
H 
9069 
E1 
112+ 
POP 
H 
90611. E1 
113+ 
PoP 
H 
096B 
0F 
114 
RRC 
iSET 
UP A 
996C 
39 
115 
SIM 
iGO BACK TO NCRi"\ALMODE 
906D 
219090 
116 
£..XI 
H,9llA9H 
iZERO HL 
9070 
39 
117 
lY\D 
SP 
iADD STACK 
9971 
EB 
118 
XCtK; 
i PUT STACK IN H AND L 
9972 
F9 
119 
SPH£.. 
iRESTCRE STACK 
9073 
21D99F 
129 
£..XI 
H,LAST 
iPU'f 
BOM'O'oI DISPLAY IN HAND£.. 
9976 
EB 
121 
XCI{; 
iSWAP R&;ISTERS 
9977 
711. 
122 
MOV 
~,D 
iPUT 
HIGH ORDER IN A 
9978 
BC 
123 
CMP 
iSEE 
IF 
SAME AS H 
~~~~. ~~8490 
124 
JNZ 
KPl'K 
iIF 
NOT £..EAVE 
125 
MOV 
A,E 
i PU'f W'i 
ORDER IN A 
997D 
BD 
126 
CMP 
£.. 
iSEE 
IF 
SA~E AS £.. 
997E 
C28491'J 
127 
JNZ 
KPTK 
iIF 
NOT £..EAVE 
9981 
21991'J8 
128 
£..XI 
HCRTPDIS 
i£..OAD H AND L \'iITH TOP OF SCREEN "'IEMORY 
9084 
22E89F 
129 
KPTK: 
SHW 
C 
AD 
iPU'f 
BACK CLRRENT ADDRESS 
9087 
3E18 
139 
t'WI 
A,18H 
iSET 
r-\ASK 
9989 
39 
131 
SIM 
iOUTPUT MASK 


2-466 
AFN~l304A 


99BA Dl 
13138BE1 
1308C F1 
0980 
FB 
1398E C9 


998F 
3E18 
131391 30 
0092 
C1 
0093 
D1 
0094 
E1 
0995 
F1 
'''''9<; FB 
9097 
C9 


9998 
32EF9F 


909B 
32F09F 


909E 
32Fl9F 


00A1 
219098 
00A4 
0lD90F 


00A7 
3620 


90A9 
23 
00AA 7C 
00AB B8 
130ACC2A709 
90Al" 7D 
99B13 B9 
130B1 C2A700 


99B9 
2191A9 
09BC 3689 
99BE 
3699 
00C0 
3649 


00C2 
00 
90C3 
36FA 
90C5 
36\'15 


00C7 
3E32 


9OC9 329360 
90CC 3E32 
90CE 320069 
9001 
3E99 
0003 
329069 
0006 
COOC00 
9009 
C3F909 


000C 
3A9218 


990F 
E60F 


90E1 
32EC9F 


99E4 
07 
99E5 
21C505 
913E8 1609 
00FA 
5F 
90EB 
19 
00EC 
110360 


99EF 
3EB6 
00F1 
12 
90F2 
1B 
013F3 7E 
013F4 12 
99F5 
23 
00F6 
7E 
90F7 
12 
99F8 
C9 


132 
133 
134 
135 
136 
137 
138 
139 
149 
BYPASS: 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
LPKBO: 
153 
154 
155 
156 
157 
158 
159 
160 
161 
LOOPF: 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
290 
STBAUD: 


201 
202 
293 
294 
295 
296 
297 
298 
299 
210 
211 
212 
213 
214 
215 
216 
217 
218 


POP 
0 
pop 
H 
pop 
PSW 
EI 
RET 


;THIS 
IS 
'IllE 


;GE:T 0 AND E 
;GE:T HAND 
L 
·GET A AND FCAGS 
;TURN ON IN'Jl:RRUPTS 
;GO 
BPCK 


EXIT ROUTINE Foo 
THE FAAME INTERRUPf 


AVI 
A,18H 
;SET 
MASK 
SI"I 
;Ol1l'PUT THE MASK 
pop 
B 
·GE'f B AND C 
pop 
0 
;GEO 0 AND E 
pop 
H 
·GET H A.!IDL 
pop 
PS,</ 
;GET A A."IDFlAGS 
EI 
;ENABLE INTERRUPTS 


RET 
;GO BACK 


;THIS 
CLEARS THE: ARFA OF AA'l THAT IS 
USED 
; FOR KEYB~RD 
DEBQlNCE. 


§TA 
SHCCl-I 
;ZERO SHIFT 
COl'lI'ROL 
STA 
RETLIN 
;ZERO RETURN LINE 
STA 
SCNLIN 
;ZERO SCAN LINE 


~THIS 
ROl1fINE CLFARS THE ENTIRE SCREEN BY PlJfTING 


;SPACE CODES (20H) 
IN EVERY LOCATION ON THE SCREEN. 


LXI 
H, 'IFOIS 
; PUT TOP OF SCREEN IN HL 
LXI 
B, IAST 
; PU'f BOITO'! 
IN BC 
MVI 
"I,20H 
•PUT SPACE IN 
1>\ 
INX 
H 
; INCREMEN'f POIN'fER 
MOV 
A,H 
·GE'f H 
C...,P 
B 
;SEE 
IF 
SA'lE AS B 
JNZ 
LOOPF 
;IF 
NOT WOP AG!UIIl 
MOV 
A,L 
·GET L 
CMP 
C 
;SEE 
IF 
SA'lE AS C 
JNZ 
LOOPF 
; IF 
NOT LOOP AGAIN 


;8255 
INITIALIZATION 


i'm 
STA 


; 8251 
LxI 
MY! 
MY! 
'WI 
NOP 
rotVI 
MY! 


A,8BH 
CIWD55 


INITIALIZATION 


H,US'W 
"I,80H 
M,90H 
"I,49H 


M,9FAH 
"I,95H 


;GET 8251 
FIAG ADCRESS 
; 0lJ'1M'i STORE 'rD 8251 
;RESET 
8251 
;RESET 
8251 
;WAIT 
;LOAD 8251 
MODEWOOD 
;LOAO 8251 
COM!'\ANDWOOD 


;8253 
INITIALIZATION 
f.wI 
A,32H 
·CONTROL WOODFoo 
8253 
STA 
CNI'M 
;PUT CCNfROL WOODINTO 8253 
MY! 
A,32H 
;LSB 
8253 
STA 
CNT0 
;pu'r 
IT 
IN 8235 
MY! 
A,90H 
;MSB 8253 
STA 
CNr0 
;PU'f 
IT 
IN 8253 
CALL 
S'ffiAUD 
·GO 00 
BAUD RATE 
J"IP 
IN75 
;GO 00 
8275 


;THIS 
ROU'fINE REAl:S THE BAUD RATE SNITCHES FRO>\ PORT C 


;OF THE 8255 
AND LOOKS UP THE NLMBERS NEEDED TO LOAD 


;THE 8253 
TO PROVIDE THE PROPER BAUD RATE. 


LIY\ 
PORTC 
;RFAD BAUD RA~ 
SNITCHES 
ANI 
0FH 
;STRIP 
OFF 4 MSB'S 
STA 
BAUD 
;SAVE IT 
RLC 
;MOVE BITS 
OVER ONE PLACE 
LXI 
H,BDLK 
;GET BAUD RATE WOK UP TABLB 


MY! 
D,9C'JH 
;ZERO D 
r'iJII 
E,A 
; PUT A IN E 
DAD 
D 
;GET OFFSET, 


LXI 
D,CNl1'I 
;POIN'r 
DE, 'I,'O 8253 
MY! 
A,0B6H 
;GET CCNfROL WOOD 
STAX 
D 
;S'l'QRE IN 8253 
DCX 
D 
; POINT AT .2 
COUlllTER 


r'iJII 
A,M 
;GET LSB BAUD RATE 
STAX 
0 
;pu'r 
IT 
IN 8253 
INX 
H 
;POINT 
AT MSS BAUD RATE 
/OlOV 
A,M 
;GET MSB BAUD RATE 
STAX 
D 
;PUT 
IT 
IN 8253 
RET 
;GO BACK 
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225 
MVi 


1"1, "':U;1.1 
i"'-""''''''' 
t"AKAI'\J:;'!'t;K 
t1Y1'E 1 
0101 
3558 
1I1,58H 
;SCRE:ENPARAMETERBY'fE: 2 
9H'13 3689 
226 
MVI 
M,89H 
; SCRE:ENPARAMETERBYTE 3 
9105 
3600 
227 
MVI 
M,9DDH 
;SCREEN PARAME'rERBYTE: 4 
0197 
23 
228 
INX 
H 
;HL=1991H 
9198 COO803 
229 
CALL 
LOClR 
; LOAD THE CURSOO 
910B 35E:0 
239 
MVI 
M,9E:0H 
; PRESS'f COUNTERS 
010D 3623 
231 
MVI 
M,23H 
;START DISPLAY 
232 
;'fHIS 
ROUfINE REArS BafH 
THE KEYBOARDAND THE USA.RT 
233 
234 
; AND TAKES PROPERACTION rePENDING ON HCW THE LINE-LOCAL 
235 
;SNITCH 
IS 
SE'r 
236 
~VI 
910F 
3818 
237 SETUP: 
A,18H 
;SE'r MASK 
9111 
30 
238 
SIM 
-LOAD MASK 
0112 
FB 
239 
EI 
;ENABLE IN'fERRUPTS 
249 
; READ THE USART 
241 
242 
hIM 
9113 
29 
243 
RXRDY: 
;GET LINE: LOCAL 
9114 E680 
244 
ANI 
80H 
; IS 
IT 
ON 00 OFF? 
0116 C22191 
245 
JNZ 
KEYINP 
;LEAVE IF 
IT 
IS 
ON 
0119 3A91A9 
246 
Lm 
USTF 
;READ 8251 FLAGS 
911C E692 
247 
ANI 
02H 
-LOOK AT RXRDY 
911E C2SC01 
248 
JNZ 
OK7 
; IF 
HAVE CHARACTE:RGO TO WooK 
9121 
JAEA9F 
249 KEYINP: 
Lm 
KEYIJNN 
;GET KEYBOr\RDCHARACTER 
9124 
E689 
250 
ANI 
80H 
;IS 
IT 
THERE: 
9126 C23191 
251 
~Z 
KE:YS 
;IF 
KE:Y IS 
PJSHED LEAVE 
9129 
3E09 
252 
MVI 
A,90H 
;ZERO A 
9128 
32EOOF 
253 
STA 
KEiUK 
;CLEAR KEiUK 
912E C31391 
254 
JMP 
=R' 


-LOOP AGAIN 
9131 
JAEDeF 
255 KEYS: 
I.JlI\ 
;WAS KEY OONN 
9134 
4F 
256 
MaV 


~~HR 
;SAVE A IN C 
9135 
3AEB0F 
257 
Lm 
;GET KEYBOr\RDCHARAC'rER 
0138 B9 
258 
CMP 
C 
; IS 
IT 
THE SAME AS KEYOK 
9139 
CM391 
259 
JZ 
RXRDY 
;IF 
SAME LOOP AGAIN 
013C 32ED9F 
269 
STA 
KEiUK 
;IF 
Nor 
SAVE IT 
913F 
32E70F 
21)1 
STA 
USCHR 
;SAVE IT 
9142 
29 
262 
RIM 
;GET LINE 
LOCAL 
9143 E689 
263 
ANI 
80H 
;WHICH WAY 
9145 CMB91 
264 
JZ 
'IRAN> 
;LEAVE IF 
LINE 
0148 C34E92 
265 
JMP 
CHREC 
iTIME: TO DO SQIIE WooK 
914B 3A91A9 
266 TRANS: 
Lm 
USTF 
;GET USART FLAGS 
914E E601 
267 
ANI 
91H 
; READY TO TRANSMIT? 
9159 CMB01 
268 
JZ 
'IRAN> 
; LOOP IF 
Nor 
RFADY 
9153 
JAE79F 
259 
Lm 
15CHR 
;GET CHARACTER 
9156 
3200A9 
279 
STA 
USTD 
;PU'f 
IN 
USART 
9159 C39F91 
271 
JMP 
SETUP 
; LEAVE 
9lSC 
3A99A9 
272 OK7: 
I.JlI\ 
USTD 
;READ USART 
915F 
ffi7F 
273 
ANI 
97FH 
;STRIP 
MSB 
0161 
32E79F 
274 
STA 
USCHR 
; P'J'f IT 
IN MEMooy 
9164 C34E92 
275 
JMP 
CHREX: 
;LEAyE 
276 
; 
277 
;THIS 
ROUTINE CHECKS THE BAUD RATE S'IiITCHES, 
RfSE'rS THE 
278 
;SCREEN POINTE:RSAND REArS AND LOOKS UP THE KE:YBOr\RD. 
279 
/>uSH 
9167 
F5 
289 FRAME:: 
PSW 
;SAVE A AND FLAGS 
9168 85 
281 
PUSH 
H 
;SAVE HAND 
L 
9169 D5 
282 
PUSH 
D 
;SAVE D AND, E 
9l6A 
C5 
283 
PUSH 
B 
;SAVE B AND C 
916B 3A9114 
284 
Lm 
INT75 
; READ 8275 TO CLEAR INT~UP'f 
285 
~SET UP THE POIN'rERS 
286 
287 
[HLD 
916E: 2AE:30F 
288 
TOPAD 
;LOAD TOP IN H AND L 
9171 
22E:89F 
289 
SHLD 
ClRAD 
;STORE:TOP IN CURRE:NTADffifSS 
299 
;SET \.IP BAUD RATE 
291 
292 
Loa. 
9174 
JA9218 
293 
PORTC 
; READ BAUD RATE S'IlITCHES 
0177 860F 
294 
ANI 
9FH 
;STRIP 
OFF 4 MSB'S 
9179 
47 
295 
MOV 
B;.t 
;SAVE IN B 
' 
917A JAEX:0F 
296 
Lm 
B 
D 
;GE'r BAUD RATE 
917D B8 
297 
CMP 
• B 
;SE:E: IF 
SAME A.S B 
9178 C4OC99 
298 
CNZ 
S'ffiAUD 
; IF 
Nor 
SAME DO SQIIE:THING 
299 


; READ KEYBQl\.RD 
309 
301 
Loa. 
0181 
3AFA9F 
302 
KEYIJNN 
;SE:E'IF 
A KE:Y IS 
DOWN 
0184 E:649 
393 
ANI 
40H 
; SE'r THE FLAGS 
9186 C2C291 
304 
JNZ 
KYOOWN 
;IF 
KEY IS 
OOWNJU,'\P AROUND 
9189 CDSF01 
305 
CALL 
RJ:l<8 
;GO READ THE: K8YBOr\RD 
918C C38F90 
306 
JMP 
BYPASS 
; LEAVE 


2-468 
AFN-{)l304A 


fIl18F 21EFfilF 
fIl192 JAfIl218 
fIl195 77 
fIl196 3EFE 
fIl198 32f1lfll18 
fIl19B 47 
fIll9C JAfIl118 
fIl19F 21" 
fIl1AfIlB7 
fIl1A1 C2AFfIl1 
fIl1M 78 
fIllA5 fIl7 
fIl1A6 0\98f1l1 
fIl1A9 3EfIlfll 
fIllAB 32EAfIlF 
fIllAE C9 
fIllAF 23 
fIl1BfIl2F 
fIl1B1 77 
fIl1B2 23 
fIl1B3 7f1l 
fIl1B4 3E4f1l 
fIl1B6 32EAfIlF 
fIl1B9 C9 
fIl1BA 3EfIlfll 
fIl1BC 32EAfIlF 
fIl1BF C38FfIlfll 
fIl1C2 21FlfllF 
fIl1C5 7E 
fIl1C6 32f1lfll18 
fIl1C9 2B 
fIl1CA 3AfIl118 
fIl1CD 86 
fIl1CE 2F 
fIl1CF B7 
fIl1DfIlCABAfIl1 
fIl!D3 JAEAfIlF 
fIl!D6 E6f1l1 
fIl!D8 C28FfIlfll 
fIl1DB 3AfIl118 
fIl!DE fIl6FF 
fIl1EfIlfIl4 
fIl1E1 fIJF 
fIl1E2 O\EflJfIl1 
fIl1E5 23 
fIl1E6 7E 
fIl1E7 fIlEFF 
fIl1E9 OC 
fIl1EA fill" 
fIl1EB O\E9"1 
fIl1EE 78 
fIl1EF "7 
fIl1F" "7 
"lFl 
fIl7 
fIl1F2 B1 
fIl1F3 47 
fIl1F4 3M218 
"1F? E64f1l 
fIl1F9 41" 
fIl1FA 3AEFfilF 
"lFD 
57 
fIl1FE E64f1l 
fIl2f1l"B1 
fIl201 CA3E02 
fIl204 3A0218 
fIl207 E620 
0209 
41" 
020A 
7A 
02f1lB E620 
fIl20D B1 
fIl20E CA47f1l2 
0211 
58 
0212 
16"0 


"214 
2107f1l5 


0217 
19 
"218 
7E 
fIl219 47 
021A 
3A0218 
fIl21D E61f1l 
"211" CA2E"2 
"222 
78 
"223 
32EBfIlF 


0226 
3Ee1 
0228 
32EAfilF 


fIl22B C38F"" 


3f1l7 RDKB: 
3f1l8 
3f1l9 
31f1l 
311 
LOOPK: 
312 
313 
314 
315 
316 
317 
318 
319 
32" 
321 
322 
323 
SAVKEY: 


324 
' 


325 
326 
327 
328 
329 
33f1l 
331 
KYCHNG: 


332 
333 
334 
KYOONN: 


335 
336 
337 
338 
339 
34f1l 
341 
342 
343 
344 
345 
346 
347 
348 UP: 
349 
35fIJ 
351 
352 
353 
354 
UP1: 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
37f1l 
371 
372 
373 
374 
375 
376 
377 
378 
SCR: 


~~~ 
381 
382 
383 
384 
385 
386 
387 
388 
STKEY: 


389 
39f1l 
391 
392 
393 
394 


LXI 
!!r.§~ON 
;POIN'f 
HL AT KE'iBQll.RDRAM 
LO\', 
l-UK,,, 
;GET CON'1'RoL AND SHIFT 


1'101/ 
'''',A 
;SAVE 
IN I'o\EMORY 
M'lI 
~L~FEH 
;SET 
UP A 
STA 
l-UKTA 
•OUTPUT A 
1'101/' 
~.L~TB 
iSAVE A IN B 
LO\ 
t'UK 
; READ KE'fBQll.RD 
CM 
;INVERT 
A 
ORA 
A 
;SET,TIfE 
FLAGS 
JNZ 
SIWKEY 
;LEAVE IF 
KEY IS 
fD.oIN 
MOV 
A, B , 
;GET SCAN LINE BACK 
RLC 
; ROTATE IT 
OVER ONE 
JC 
',' 
LOOPK 
; CO IT AGAIN 
MVI 
' 
A,0f1lH 
;ZERo 
A 
' 


STA 
KEYIJ.oIN 
;SAVE KEY OONN 
RET 
; LEAVE 
INX 
tl 
;POINT 
AT RET!JRN LINE 
CM 
; PU'f A BACK 
1'0\01/ 
i"',A 
;SAVE RETURN LINE IN ""EMeRY 
INX 
H 
;POIN'f 
H AT SCAN LINE 
MOV 
M,B 
;SAVE SCAN LINE 
IN MEl"lORY 
MV1 
A.L4"H 
;SET 
A 


RSETTA 
Kt;'i!JNN 
; SA'IE KEY fX),o[N 
; LEAVE 
MVI 
ALfIlfIJH 
;ZERO fIl 
STA 
Kt;':{l)NN 
';RESET 
KEY DOJoIN 
JMP 
BYPASS 
; LEAVE 
' 


LXI 
H,SCNLIN 
;GET SCAN LINE 
1'101/ 
~MRT' 
A" 
;PU'f 
SCA~ LINE 
IN A 
STA 
Kl 
;OUTPUT SCAN LINE TO PORT A 
DeX 
H 
;POIN'r 
AT RE'ruRN LINE 
LO\ 
OORTB 
;GET RETURN LINES 
ORA 
, M 
; ARE TIlEY 'fHE SA."IE? 
CM 
' 
• INVERT A 
. 


ORA 
A 
;SET 
FLAGS 
JZ 
K'iCHNG 
;11" DIFFERENf 
KEY HAS CHANGED 
LO\ 
KE':{l)NN 
;GE'f 
KEY OONN 
. 


ANI 
fIl1H 
;HAS 'rAIS 
BEEN CONE BEF<RE? 
JNZ, 
BYPASS 
;LEAVE IF 
IT 
H&.S 
LO\ 
PORTB ' 
;GE'f RETURN LINE 
M'lI 
B,fIlFFH 
;GET READY TO ZERO B 
INR . 
B 
;ZERo 'B 
RRC 
;ROrA'IE 
A 
JC 
UP 
;CO IT AGAIN 
!No~' 
tl 
;POIN'f 
H AT SCAN LINES 
".y 
A,M, 
;GE'f SCAN LINES 
MVI 
C,fIlFFH 
;GET READY TO LOOp 
INR 
C 
;START C COtNTING 
RRC 
;ROTA'IE A 
JC 
UP1 
;JUI"\P TO LOOP 
MOV 
A, B 
;GET RE'ruRN LINES 
RLC 
;MOVE OVER ONCE 
RLC 
;MOI/E OVER 'IWICE 
RLC 
;MOI/E OVER THREE TIMES 
ORA 
C 
t, 
lOR SCAN AND RETURN LINES 
MOI/ 
B A 
;SAVE A IN B. 


1.0\ 
roR'l':: 
;GET SHIFT 
CONTROL 
ANI 
4"H 
;IS 
CONTROL SET 
MOV 
Cf.l~ 
;SAVE A IN C 
LO\ 
SlLON 
;GET SHIFT 
CON'1'ROL 
MOI/ 
D,A 
;SAVE A IN D 
ANI 
4f1lH 
;STRIP 
CONTROL' 


ORA 
C 
;SET 
BIT 
JZ 
CNTIJ.oIN 
;11" SET LEAVE 


LO\, 
POR'l':: 
;READ IT 
AGAIN 
ANI 
2f1lH 
;STRIP 
SHIFT 
MOV 
C,A 
;SAVE ,A 
MOI/, 
A, P 
;GET SHIFT 
CONTROL 
ANI 
- 
2f1lH 
;STRIP 
CONTROL 


JORAZ 
. 
C 
; ARE THEY 'fHE SA."IE? 
'SHIJ.oIN 
; IF 
SET LEAVE 
MOV 
E,B 
;PU'f 
'fARGET IN E 
MVI 
D,"0H 
·ZERO D 
LXI 
H,K'iLKUP 
;GET LOOKUP TABLE 
DAD 
D 
;GET OFFSET 
1'0\01/ 
A,M 
;GET CHARACTER 


1'101/ 
~A 
;PUT CHARACTER IN B 
LO\ 
KlR'l':: 
;GE'r 
POR'l':: 
ANI 
l"H 
;STRIP 
BIT 
JZ 
CAPLOC 
;CAPS 
lOCK 
MOV 
!"!L!!HR 
;GET A BACK 
STA 
I\tH,; 
; SAVE CH&.AAC'rER 
MVI 
'?'!L~~~ 
;SET 
A 
STA 
t<.t;."",,, 
;SAVE KEY fX),o[N 
JMP 
BYPASS 
; LEAVE 


~IF 
THE CAP LOCK BUTTON IS 
PUSHED THIS 
ROUTINE SEES IF 
;THE CHARACTER IS 
BE'IWEEN 61H AND 7AH AND IF 
IT 
IS 
THIS 


APPLICATIONS 


395 
·ROOfINE 
ASSU'lES 'mAT THE CHAAACTER IS 
UMER CASE ASCII 


396 
;AND SUBTRACTS 2~, 
WHICH C()NERTS 
THE CHARACTERTO 
397 
;UPPEB CASE ASCII 
39B 
~OV 
·GET A BJICK 
1il22E 7B 
399 
CAPLOC: 
A,B 


1il22F FE61il 
41il1il 
CPI 
6~H 
iHON BIG IS 
IT? 


1il231 0A231il2 
41il1 
JC 
STKEY 
; LEAVE IF 
IT'S 
'IDO SMALL 
1il234 FE7i3 
41il2 
CPr 
7BH 
;IS 
IT 
'fOO BIG 


1il236 D2231il2 
41il3 
JNC 
STKEY 
;LEAVE IF 
TOO BIG 


1il239 D621il 
41il4 
SUI 
21ilH 
;AIlJUST 
A 
11238 C3231il2 
41il5 
JMP 
STKEY 
; S'lURE THE KEY 
4116 
;THE ROl1fINES 
SHrWN AND CNT~ 
SET BIT I; AND 7 RESPECTIVLY 
4117 
411B 
; IN 'fHE ACC. 
4119 
f.wr 
A,B!aH 
;SET 
BIT 
7 
IN A 
1123E 3EB0 
411il CN'f~: 


1il241ilB0 
411 
ORA 
B 
·OR WITH CHARACTER 
11241 E6BF 
412 
ANI 
IilBFH 
;MAKE SURE SHIFT 
IS 
NOT SET 
11243 47 
413 
MOV 
~~ 
; PU'f IT 
BACK IN B 
11244 C3111il2 
414 
JMP 
;GO BJICK 
11247 3E41il 
415 
S~: 
MV! 
A,411H 
;SET 
BIT 
6 
IN A 
1il249 1311 
2 
16 
ORA 
B 
;OR WITH CHAAAC'rER 
1124A 47 
17 
w:N 
~~ 
; PU'f IT 
BACK IN B 
1124B C3111il2 
41B 
JMP 
;GO BJICK 
419 


;THIS 
ROUTINE CHECKS FeR 
ESCAPE CHARACTERS, IF, 
CR, 
421il 
421 
; FF, 
AND BJICK SPACE 
422 
loa. 
; ESCAPE SET? 
1il24E 3AEEIilF 
423 
CHREC: 
ESCP 


11251 FEB0 
424 
CPI 
8"H 
;SEE 
IF 
IT 
IS 
11253 CA7BIil2 
425 
JZ 
~~ 
lLEAVE IF 
IT 
IS 
11256 3AE711F 
426 
LOA 
lGET CHARACTER 
11259 FEIIA 
427 
CPI 
IlAH 
;LINE 
FEED 
11258 CAF61il3 
428 
JZ 
rnFD 
;C') TO LINE FEED 
1il25E FEIIC 
429 
CPI 
IICH 
·FCRM FEED 
1126" CJlCAII3 
4311 
JZ 
FMFD 
iGO TO FCRM FEED 
11263 FE"D 
431 
CPI 
IlOO 
lCR 
"265 
CMOO3 
432 
JZ 
CGRT 
100 A CR 
"268 
FEIil8 
433 
CPI 
1l8H 
;BJlCK SPACE 
1126A CAGEIil3 
434 
JZ 
LEFT 
100 
A BJICK SPACE 
1126D FE1B 
435 
CPI 
18H 
; ESCAPE 


~~~~ 
~~03 
436 
JZ 
ESKAP 
;00 
AN ESCAPE 
437 
ORA 
A 
;CLE.a.R CARRY 


11273 C6EII 
438 
ADI 
IIEIIH 
;SEE 
IF 
CHARAC'rER IS 
PRINTABLE 
11275 0A77114 
439 
JC 
CHRPUT 
1IF 
PRINTABLE 00 
IT 
11278 C30F"1 
4411 
J"'P 
SETUP 
;GO BACK AND READ lEART AGAIN 
441 
~THIS 
ROl1fINE 
RESE'IS THE ESCAPE LO::ATION At~D DECODES 
442 
443 
lTHE CHARACTERS FOLLaolING AN ESCAPE. 
THE COolMANI:6ARE 
444 
;C()o\PATABLE WITH INTELS CREDIT TEXf 
EDITOR 
445 
f.m 
1il27B 3EIil3 
446 
ESSQ: 
~~H 
;ZERO A 
1127D 32EEIIF 
447 
STA 
;RESET 
ESCP 
1il280 3AE7"F 
448 
LOA 
lECHR 
;G ET CHARACTER 
0283 
FE42 
449 
CPI 
42H 
l00NN 
1il285 CAAEIil2 
451il 
JZ 
~ 
l"'OVE ClRSOR D:JNN 
1il288 FE45 
451 
CPI 
45H 
lCLEAR SCREEN CHARACTER 
"28A 
CACF"2 
452 
JZ 
CLEAR 
lCLEAR THE SCREEN 
"28D 
FE4A 
453 
CPI 
4AH 
;CLEAR REST OF SCREEN 
1il2BF CAD5Iil2 
454 
JZ 
ClRST 
;GO CLEAR THE REST OF THE SCREEN 
0292 
FE4B 
455 
CPI 
4BH 
;CLEAR LINE CHARACTER 
"294 
CA2703 
456 
JZ 
ClRLIN 
:GO CLEAR A LINE 
0297 
FE41 
457 
CPI 
41H 
;CURSOR UP CHARACTER 
1il299 CA3303 
458 
JZ 
UPCUR 
lMOVE ClRSOR UP 
1il29C FE43 
459 
CPI 
43H 
lCURSeR RIGHT CHAAAC'rER 
1il29E CM503 
461il 
JZ 
RIGH'f 
;MOVE CLRSOR TO THE RIGHT 
1il2A1 FE44 
4<;1 
CPI 
44H 
;CURSeR 
LEFT CHARACTER 
02A3 CA6E03 
462 
JZ 
LEFT 
;MOVE ClRSOR TO 'fHE LEF'f 
"2M 
FE48 
463 
CPI 
48H 
1HO'1E CURSOR CHARACTER 
02A8 CA9703 
464 
JZ 
HO'1E 
1HO'1E THE CURSOR 
02AB C31ilFIil1 
465 
JMP 
SETUP 
; LEAVE 
466 
;THIS 
ROl1fINE MOVES THE CURSOR D:JNNONE CHARACTER 
467 
LINE 
4Fi8 
LOA 
Iil2AE 3AE1IilF 
459 
OONN: 
CURSY 
lPU'f CURSOR Y IN A 
"281 
FE18 
470 
CPI 
CURSor 
lSEE 
IF 
ON BOTI'CI't OF SCREEN 
1il2B3 CMFIil1 
471 
JZ 
SETUP 
1LEAVE IF 
ON BOTI'CI't 
1il286 3C 
472 
INR 
A 
lINCREMEm' 
Y CLRSOR 
1il2B7 32E11ilF 
473 
STA 
CURSY 
lS,&'VE NEWCURSOR 
1il2BAC03803 
474 
CALL 
LOClR 
1LOAD THE CURSOR 
1il2BDC0A504 
475 
CALL 
CAICU 
;CAICULATE 7\DffiESS 
02CIil 7E 
476 
MOV 
AM 
lGET FIRST 
LOCATION OF THE LINE 
1il2C1 FEFII 
477 
CPI 
0F0H 
;SEE 
IF 
CLEAR SCREEN CHARACTER 
02C3 C2"F"1 
478 
JNZ 
SETUP 
lLEAVE IF 
IT 
IS 
NO'f 
112C6 22E5!aF 
479 
SHW 
LOC80 
;SAVE BEGINNING OF THE LINE 
"2C9 
CD1534 
480 
CALL 
CLLINE 
;CLEAR THE LINE 
"2CC C31ilF"1 
481 
J'1P 
SETUP 
; LEAVE 
4B2 


2·470 
AFN-{)l304A 


02D5 
CDA504 


02D8 
COCD04 
02DB 
01204F 
02DE 
JAE29F 


02El 
B8 
92E2 
CAOC02 


02E5 
3C 
02E6 
23 
92E7 
71 
02E8 
B8 
02E9 
C2E502 


02EC 
01D00F 
02EF 
23 
02F0 
78 
02Fl 
BC 
02F2 
C2FOO2 
02F5 
79 
02F6 
BD 
02F7 
C2FOO2 


02FA 
210008 


02FD 
JAE10F 


0300 
FE18 


0302 
CAIlF01 


0305 
3C 
0306 
47 
0307 
115930 


031lA 
3l:iF0 
030C 
78 
0300 
FE18 


030F 
CAllF01 
0312 
3C 
0313 
19 
0314 
47 
0315 
7C 
0316 
FE0F 
0318 
C21lA03 
931B 
7D 
031C 
FEOO 
031E 
C20Ar33 


0321 
210008 
13324 C31lA03 


0327 
CDA5r34 
032A 
22E50F 


032D 
CDl594 


0330 
C3r3F01 


0333 
JAE10F 


0336 
FEr30 


0338 
CAIlF01 


033B 
3D 
033C 
32E10F 
033F 
c00803 
0342 
C30F01 


0345 
3AE20F 


0348 
FE4F 


034A 
C25403 


034D 
JAE10F 


0359 
FE18 


0352 
CA5903 
0355 
3C 
0356 
32E10F 
0359 
3E00 
0358 
32E20F 


035E 
COOS03 
0361 
C30F01 


0364 
3C 
0365 
32E20F 
0368 
COO803 


036B 
C30F01 


483 
484 
485 
CLEAR: 


486 
487 
488 
489 
490 
491 
ClRSf: 


492 
493 
494 
495 
495 
497 
LLP: 


498 
499 
500 
591 
502 
OVRl: 
593 
504 
505 
595 
507 
538 
509 
510 
511 
COf'l:L: 


512 
513 
514 
515 
516 
517 
CLOOP: 


518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
ClRLIN: 
536 
537 
538 
539 
540 
541 
542 
UPCUR: 


543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
RIGH'f: 


553 
554 
555 
556 
557 
558 
559 
560 
GD18: 
561 
562 
563 
564 
Nl'OVER: 
565 
566 
567 
558 
569 


;THIS 
ROl1fINE 
CLEARS 
THE SCREEN. 


bALL 
CLSCR 
;GO CLEAR THE SCREEN 
JMP 
SETUP 
;GO 
BACK 


;THIS 
ROlJrINE 
CLEARS ALL 
LINES 
BENEATH 'fHE 
LOCATION 
; CF THE CURSOR. 


bALL 
CAtCU 
CALL 
ADX 
LXI 
B,jF20H 
LDA 
CUKSX 
CMP 
B 
JZ 
OVRI 
INR 
A 
INX 
H 
'1OV 
M,C 
CMP 
B 
JNZ 
LLP 
LXI 
B, [)\.Sf 
INX 
H 
MOV 
A,B 
CMP 
H 
JNZ 
COf.l:L 
MOV 
A,C 
CMP 
L 
JNZ 
COf'l:L 
LXI 
H,:rPDIS 
LDA 
CuRSY 
CPI 
CURBOf 
JZ 
SETUP 
INR 
A 
MOV 
a,A 
LXI 
D, rNGfH 
MY! 
M,0F0H 
MOV 
A,B 
CPI 
CURBOT 
JZ 
SETUP 
INR 
A 
DAD 
D 


,"tOIl 
a,A 
~g't 
~F~ 
JNZ 
CLOOP 
~ 
~6~H 
JNZ 
CLOOP 
LXI 
Ht'!~DIS 
J.'1P 
CLU;JP 
; 
;THIS 
ROl1rINE 
CLEARS 
THE LINE 
THE CURSOR IS 
ON. 
; 
CALL 
CALCU 
;CALCULATE 
ADlRESS 
SHLD 
LOC80 
;S'roRE 
H AND L TO CLEAR 
LINE 
CALL 
CLLINE 
;CLEAR 
THE 
LINE 
JMP 
SETUP 
;GO BACK 


~THIS 
ROOfINE 
MOVES THE CURSCR UP ONE LINE. 
loa. 
CURSY 
;GET 
Y CURSCR 
CPI 
00H 
; IS 
IT 
ZERO 
JZ 
SETUP 
;IF 
IT 
IS 
LEAVE 
OCR 
A 
; MOVE CURSCR UP 
STA 
CURSY 
·SAVE 
!€W 
CURSOR 
CALL 
LOCUR 
; L<Y\D THE CURSOR 
JMP 
SETUP 
; LEAVE 


;THIS 
ROlJrINE 
MOVES THE CURSCR ONE LOCATION 
TO 'fHE 
RIGHT 


;CALCULATE 
ADlRESS 
;ADD 
X POSITION 
;PlJf 
SPACE AND LAST 
X IN 
B AND C 


;GET 
X CURSeR 
;SEE 
IF 
AT 
END OF LINE 
;LEAVE 
IF 
X IS 
AT 
END OF 
LINE 


;MOVE A OVER ONE X POSITION 
; INCREMENT 
MEMeRY POINrER 
; PU'f A 
SPACE IN 
i'o\f)o\<RY 
;SEE 
IF 
A " 
4FH 
; IF 
NOT LOOP AGAIN 
; PUT LAST 
LINE 
IN 
BC 
;POINf 
HL TO 
[)\.ST 
LINE 
·GET 
B 
;SAME AS 
H? 
;LEAVE 
IF 
NOT 
;GET 
C 
;SAME AS 
L? 
;LEAVE 
IF 
NOT 
;GET 
TOP OF DISPLAY 
;GET 
Y CURSOR 
; IS 
I'f 
00 
'fHE 
BO~ 
;LEAVE 
IF 
IT 
IS 
;MOVE 
IT 
~ 
ONE LINE 
;SAVE 
CURSCR IN 
B FOR LATER 
;PU'f 
LENG'fH 
OF ONE LINE 
IN 
D 
;PU'f 
E<R IN 
MEM<RY 
;GET 
CURSOR Y 
; ARE WE CN THE 
BO~ 
;LEAVE 
IF 
WE ARE 
;MOVE CURSCR ~ 
ONE 
;GET 
NElCf 
LINE 
;SAVE 
A 
;PU'f 
H IN 
A 
;Ca-tPARE 
TO HIGH 
LAST 
;LEAVE 
IF 
IT 
IS 
NOf 
;PU'f 
L 
IN 
A 
;Ca-tPARE 
TO IDN 
[)\.ST 
;LEAVE 
IF 
IT 
IS 
NOf 
;PUT 
TOP DISPLAY 
IN 
H AND L 
;LOOP 
AGAIN 


i.DA 


CPI 
JNZ 
LDA 
CPI 
JZ 
INR 
STA 
MVI 
STA 
CALL 
J?<IP 
INR 
STA 
CALL 
JMP 


;THIS 


CURSX 
·GET 
X CURSCR 
4FH 
; IS 
IT 
ALL 
THE WAY OVER? 
NTOVER 
; I F NOT JUMP AROOND 
CURSY 
;GET 
Y CURSCR 
CURBOT 
;SEE 
IF 
00 
BOfra-t 
GD18 
; IF 
WE ARE JU,'1P 
A 
; INCREMENT 
Y CURSOR 
CURSY 
;SAVE 
IT 
A,00H 
;ZERO 
A 
CURSX 
; ZERO X CURSCR 
LOCUR 
; L<Y\D THE CURSOR 
SETUP 
; LEAVE 
A 
; INCREMENT 
X CURSCR 
CURSX 
;SAVE 
IT 
WCUR 
; LOAD THE CURSCR 
SETUP 
; LEAVE 


ROUrINE 
MOVES THE CURSOR LEFT 
ONE CHARACTER 


0373 
<::28503 
573 
•...-.•. 
k':};an 
; 1:> 
1'1' ALL 
THE WAY OVER 
JNZ 
OOVER 
; IF 
NOT JUMP AROOND 
0376 
3AE10F 
574 
LD\ 
CURSY 
;GET 
CURSOR Y 
0379 
FE00 
575 
CPI 
00H 
'IS 
IT 
ZERO? 
037B 
CMF01 
576 
JZ 
SETlJP 
fIF 
IT 
IS 
JUMP 
037E 
3D 
577 
OCR 
A 
;MOVE 
CLRSOR 
Y UP 
037F 
32E10F 
578 
STA 
CURSY 
'SAVE 
IT 
0382 
3E4F 
579 
MVI 
AU 
4FH 
iGET 
LAST 
X LOCATION 
0384 
32E20F 
580 
STA 
C RSX 
;SAVE 
IT 
0387 
C00803 
581 
CALL 
LOCUR 
; LOAD THE 
CURSOR 
03811. C30F01 
582 
JMP 
SETlJP 
038D 
3D 
583 
NOVER: 
OCR 
A 
;AUJUST 
X ClJRSffi 
038E 
32E20F 
584 
STA 
CURSX 
'SAVE 
CURSOR X 
0391 
ClB893 
585 
CALL 
LDCLR 
iLOAD 
THE 
CURSOR 
0394 
C39F91 
586 
JMP 
SETUP 
;LE:AVE 
587 
;THIS 
ROOfINE 
588 
HO'tES 
THE CURSOR. 
589 
Avr 
;ZERO 
A 
0397 
3E00 
599 
HCl'lE: 
AU 
99H 
0399 
32E20F 
591 
STA 
C RSX 
;ZERO 
X CURSffi 
039C 
32E10F 
592 
S'rA 
CURSY 
; ZERO Y CURSOR 


939F 
CIl3893 
593 
CALL 
LDCUR 
; LOAD THE 
CURSOR 
0311.2 C39F91 
594 
JMP 
SETlJP 
;LE:AVE 
595 
~THIS 
flOlJrINE 
SETS 
THE 
ESCAPE 
BIT 
596 
597 
f.tvr 
;LOAD 
A WITH 
ESCAPE 
Brf 
9311.5 3E89 
598 
ESKAP: 
~~H 
0311.7 32EE0F 
599 
STA 
'SET 
ESCAPE 
LOCATION 


133M 
C39F91 
600 
JMP 
SETlJP 
iGO 
BACK AND 
READ USART 
6911 
;THIS 
ROlJfINE 
DOES A CR 
692 
6913 
hvr 
9311.0 3E99 
6914 CGRT: 
A,00H 
;ZERO 
A 
03AF 
32E20F 
695 
STA 
CLRSX 
• ZERO 
CURSOR X 
03B2 
C0089J3 
606 
CALL 
LOCLR 
;LOAD 
CURSOR I~ro 
8275 
93B5 
C30F01 
6917 
JMP 
SETUP 
;POLL 
USAAT 
AGAIN 
698 
;THIS 
6919 
ROlJrINE 
LOAIE 
THE CURSOR 
610 
Avr 
03B8 
3E89 
611 
LOClJR: 
AR 
8'JH 
;PU'f 
80H 
Im'O 
A 
93BA 
329110 
612 
STA 
CTS 
;LOAD 
CLRSOR 
INTO 
8275 
93BD 
3AE20F 
613 
LD\ 
CURSX 
;GET 
CURSOR X 
03C0 
320010 
614 
STA 
CR'lM 
;PUT 
IT 
IN 
8275 
03C3 
3AEI0F 
615 
LD\ 
CURSY 
;GET 
CURSOR Y 
03C6 
3209110 
616 
STA 
CR'lM 
;PUT 
IT 
IN 
8275 
03C9 
C9 
617 
RET 
618 
;THIS 
ROlJfINE 
DOES A 
FORM PEED 
619 
620 
; 


03CA 
CIE403 
621 
FMFD: 
CALL 
ClSCR 
;CALL 
CLEAR 
OCREEN 
03CD 
210008 
622 
LXI 
ZocTPDIS 
;PUT 
TOP 
DISPLAY 
IN 
HL 
03D0 
22E50F 
623 
SHLD 
891 
; PJ'f 
IT 
IN 
LOC89J 
0303 
CDl504 
624 
CALL 
CLLINE 
;CLEAR 
TOP LINE 
03D6 
3E00 
625 
MVI 
Auf:9H 
;ZERO 
A 
03D8 
32E20F 
626 
STA 
C 
SX 
;ZERO 
CURSOR X 
0300 
32E19F 
627 
STA 
CLRSY 
;ZERO 
CURSOR Y 
03DE 
C0089J3 
628 
CALL 
LDCLR 
; LOAD 
THE 
CURSffi 
03El 
C30F01 
629 
JMP 
SETUP 
; BACK TO 
USART 
630 
;THIS 
ROlJfINE 
CLEARS 
'mE 
SCREEN 
BY WRITING 
END OF ROoi 
631 
632 
;CAARACTERS 
INTO 
'rnE 
FIRST 
lOCATION 
OF ALL 
LINES 
CN 
633 
;THE 
SCREEN. 
634 
Avr 
03E4 
3EF0 
635 
ClSCR: 
A,0F0H 
; PU'f 
EOR CHARACTER 
IN 
A 
03E6 
{il618 
636 
MVI 
B,CURBOf 
;LOAD 
B WITH 
I~ 
Y 
03E8 
04 
637 
INR 
B 
;GO 
TO MAX PLUS 
ONE 
03E9 
21{il{il08 
638 
LXI 
H,TPDIS 
; LOAD 
H AND 
L WITH 
TOP OF RAM 
{il3EC 
115900 
639 
LXI 
D,LNGfH 
;MOVE 
50H = 89D 
INTO 
D AND 
E 
03EF 
77 
640 
LOADX: 
MOV 
M,A 
;MOVE 
EOR mfO 
MEMORY 
03F0 
19 
641 
DAD 
D 
;CHAI'l;E 
roIN'fER 
BY 
89D 
03Fl 
05 
642 
OCR 
B 
;COtNI' 
THE 
LOOPS 
{il3F2 
C2EF03 
643 
JNZ 
LOADX 
;COl'll'INUE 
IF 
NOT ZERO 
03F5 
C9 
644 
RET 
;GO 
BACK 
645 
~THIS 
flOU'fINE 
DOES A 
646 
LINE 
FEED 
647 
tALL 
03F6 
CDFC03 
648 
UJFD: 
LNFDl 
;CALL 
ROlJrINE 
93F9 
C30F01 
649 
JMP 
SETUP 
;POLL 
FLAG> 
650 
; 
651 
;LINE 
FEED 
652 
~ 
03FC 
3AE10F 
653 
LNFDl: 
CLRSY 
;GET 
Y LOCATION 
OF CURseR 
03FF 
FE18 
654 
CPI 
CURBOT 
;SEE 
IF 
AT 
BOM'CM 
OF 
OCREEN 
0401 
CA5304 
655 
JZ 
CNBOT 
;IF 
WE ARE, 
LEAVE 
0404 
3C 
656 
INR 
A 
; INCREMENT 
A 
0495 
32E10F 
657 
STA 
CURSY 
;SAVE 
flEW 
CURSOR 
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RE:!' 
; LEAVE 
663 
~THIS 
ROUrrNE 
CLEARS 
THE 
LINE 
WHOSE FIRSf 
ADffiESS 
664 
66S 
; IS 
IN 
LOC8A. 
PUSH 
INSTRUCTIONS 
ARE 
tEED 
TO RlI,PIDLY 
666 
;CLEAR 
THE 
LINE 
667 
bI 
941S 
F3 
668 
CLLINE: 
;NO 
INTEAAUPI'S 
HERE 
9416 
2AES9F 
669 
LHLD 
LOC80 
;GET 
!.DC8\! 
9419 
l1S099 
679 
LXI 
D,LNGTH 
;GE'f 
OFFSE:!' 
941C 
19 
671 
DAD 
0 
;ADD 
OFFSET 
9410 
EB 
672 
XCHG 
;PUT 
START 
IN 
DE 
941E 
219999 
673 
LXI 
~p00AI'JH 
;ZERO 
HL 
9421 
39 
674 
D'\D 
;GET 
STJlCK 
9422 
EB 
67S 
XCII; 
;PU'f 
STACK 
IN 
DE 
9423 
F9 
676 
SPHL 
;PUT 
START 
IN 
SP 
9424 
212929 
677 
LXI 
H,2020H 
; PUT 
SPACES 
IN 
HL 


678 
~NCM 00 
40 
PUSH 
679 
INSTRucrIONS 
'ro 
CLEAR 
THE 
LINE 


680 
~Epr 
(LNGfH/2) 
681 
682 
PUSH 
H 
683 
ENIl'I 


0427 
ES 
684+ 
PUSH 
H 


9428 
ES 
68S+ 
PUSH 
H 


9429 
ES 
686+ 
PUSH 
H 
942A 
ES 
687+ 
PUSH 
H 
042B 
ES 
688+ 
PUSH 
H 


942C 
ES 
689+ 
PUSH 
H 
9420 
ES 
690+ 
PUSH 
H 
942E 
ES 
691+ 
PUSH 
H 
042F 
ES 
692+ 
PUSH 
H 


9430 
ES 
693+ 
PUSH 
H 
0431 
ES 
694+ 
PUSH 
H 
0432 
ES 
69S+ 
PUSH 
H 
0433 
ES 
696+ 
PUSH 
H 
0434 
ES 
697+ 
PUSH 
H 
043S 
ES 
698+ 
PUSH 
H 
9436 
ES 
699+ 
PUSH 
H 
9437 
ES 
709+ 
PUSH 
H 
0438 
ES 
701+ 
PUSH 
H 
9439 
ES 
702+ 
PUSH 
H 
043A 
ES 
703+ 
PUSH 
H 
943B 
ES 
794+ 
PUSH 
H 
943C 
ES 
70S+ 
PUSH 
H 
043D 
ES 
706+ 
PUSH 
H 
043E 
ES 
707+ 
PUSH 
H 
043F 
ES 
708+ 
PUSH 
H 


0440 
ES 
709+ 
PUSH 
H 
0441 
ES 
710+ 
PUSH 
H 
9442 
ES 
711+ 
PUSH 
H 
0443 
ES 
712+ 
PUSH 
H 


9444 
ES 
713+ 
PUSH 
H 


044S 
ES 
714+ 
PUSH 
H 
9446 
ES 
715+ 
PUSH 
H 
9447 
ES 
716+ 
PUSH 
H 
0448 
ES 
717+ 
PUSH 
H 


9449 
ES 
718+ 
PUSH 
H 
0441\ 
ES 
719+ 
PUSH 
H 
944B 
ES 
720+ 
PUSH 
H 


044C 
ES 
721+ 
PUSH 
H 
044D 
ES 
722+ 
PUSH 
H 
944E 
ES 
723+ 
PUSH 
H 
044F 
EB 
724 
XCI{; 
; PU'f 
STACK 
IN 
HL 
94S0 
F9 
72S 
SPHL 
;PUT 
IT 
BJlCK 
IN 
SP 
94S1 
FB 
726 
EI 
; ENABLE 
IN'I'EAAlJPTS 
94S2 
C9 
727 
R~f 
;GO 
BACK 
728 


~IF 
CURSOR IS 
ON THE 
BOITO'! 
OF THE 
SCREEN 'rHIS 
729 
ROUrINE 
739 
; IS 
tEED 
'ro 
IMPLEMmf 
'l'HE 
LINE 
FEED 
731 
f.HLD 
94S3 
2AE30F 
732 
ONBOT: 
'roPAD 
;GE:!' 
TOP ADffiESS 
04S6 
22ES0F 
733 
SHLD 
LOC80 
;SAVE 
IT 
IN 
LOC80 
94S9 
l1S900 
734 
LXI 
D,LNGfH 
;LINE 
LENGrH 
045C 
19 
73S 
DAD 
0 
;ADD 
HL 
+ 
DE 
94SD 
01D00F 
736 
LXI 
B,rASf 
;GET 
BOTTO'! 
LINE 
9460 
7C 
737 
MaV 
A,H 
;GET 
H 
0461 
B8 
738 
CMP 
B 
;SAME 
AS 
B 
9462 
C26D04 
739 
JNZ 
ARND 
;LEAVE 
IF 
NOT SAME 
046S 
7D 
740 
MOV 
~,L 
;GET 
L 
0466 
B9 
741 
CM£' 
;SAME 
AS 
C 
1'1467 C26D04 
742 
JNZ 
ARND 
;LEAVE 
IF 
Nor 
SA"!E 
946A 
219008 
743 
LXI 
H6 
TPDIS 
;LOAD 
HL WITH 
TOP 
OF 
DISPLAY 
046D 
22E39F 
744 
ARND: 
SHID 
T 
PAD 
;SAVE 
NEW TOP ADffiESS 
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l1l47l1lCD1504 
745 
CALL 
CLLINE 
;CLEAR LINE 
l1l473 COO803 
746 
CALL 
LDCLR 
; LOAD THE CURseR 
l1l476 C9 
747 
RET 
748 
; THIS 
ROl1fINE PUTS A CHARACTERCN THE SCREEN AND 
749 
759 
;INCREMfNrs 
THE X CLRSCR roSITION. 
A LINE FEED IS 
751 
; INSERTED IF 
THE INCREMENTEDCLRSCR EQJArS 
81D 
752 
tALL 
;CALCULATE SCREEN PCSITION 
l1l477 CQ\594 
753 
CARPUT: 
CALCU 
l1l47A 7E 
754 
MOV 
AM 
;GET FIRST 
Cfl\Rl\CTER 
l1l47B FEr'9 
755 
CPI 
9F9H 
; IS 
IT 
A CLEAR LINE 
l1l47D 22E50F 
756 
SHW 
LOC80 
; SAVE LINE TO CLEAR 
9489 
CC1504 
757 
CZ 
CLLINE 
;CLEAR LINE 
9483 
2AE59F 
758 
LHW 
LOC80 
;GET LINE 
9486 
COCD04 
759 
CALL 
ADX 
;ADD CLRSCR X 
9489 
3AE70F 
769 
LQ\ 
LGC-iR 
;GET CHARACTER 
948C 
77 
761 
MOV 
M A 
; PUT IT 
ON SCREEN 
948D 
3AE29F 
762 
LQ\ 
CURSX 
·GET CURSOR X 
l1l499 3C 
763 
INR 
A 
; IN:REMENT CURSOR X 
0491 
FE5l1l 
764 
CPI 
LNGTH 
; HAS IT OONE TOO FAR? 
l1l493 C29Cl1l4 
765 
JNZ 
OKl 
;IF 
NOT GOOD 
l1l496 C~Cl1l3 
766 
CALL 
LNFDl 
; DO A LINE FEED 
l1l499 C3AD03 
767 
JMP 
CGRT 
;00 
A CR 


949C 
32E2l1lF 
768 
OK1: 
STA 
CLRSX 
;SAVE CLRSOR 
949F 
aJB8l1l3 
769 
CALL 
LDCUR 
;LOAD THE CURSOR 
l1l4A2 C39Fl1l1 
77l1l 
JMP 
SE'roP 
; LEAVE 
771 
iTHIS 
ROl1flNE TAKES THE TOP ADffi~S 
AND THE Y CURSOR 
772 
773 
; LOCATION AND CALCULAT~ 
THE ADffiESS 
OF THE LINE 
774 
;THAT THE CURSOR IS 
ON. THE R~ULT 
IS 
RETURNED IN H 
775 
;AND L AND ALL REGISTERS ARE USED. 
776 
LxI 
l1l4A5 210504 
777 
CALCU: 
HciiIN'fAB 
;GET LINE TABLE IN'TO H AND L 
l1l4A8 3AEll1lF 
778 
LQ\ 
C 
SY 
;GET CURSOR IN'fO A 
94AB 97 
779 
RLC 
;SET 
UP A FOR LOOKUP'fABLE 
94AC 9609 
789 
I<lVI 
B,00H 
;ZERO B 
l1l4AE 4F 
781 
MOV 
C,A 
; PU'f CURSOR IN'fO A 
l1l4AF l1l9 
782 
DAD 
B 
;ADD LINE TABLE '1'0 Y CURSCR 
l1l4B9 7E 
783 
MOV 
A,M 
;PUT 
f.J.ltl LINE TABLE IN'fO A 
94Bl 
4F 
784 
MOV 
C,A 
; PU'f f.J.ltl LINE '!'ABLE mfO 
C 
l1l4B2 23 
785 
INX 
H 
;C~E 
MfMCRY roIN'fER 
l1l4B3 7E 
78() 
MOV 
A,M 
;PU'f 
HIGH LINE TABLE moo 
A 
94B4 
47 
787 
MaV 
B,A 
; PUT HIGH LINE '!'ABLE INTO B 
94B5 
2199F8 
788 
LXI 
H,0F811l0H 
;'lWCS CO'IPLEMENT SCREEN LOCATION 
l1l4B8 l1l9 
789 
Q\D 
B 
;SUBTRACT OFFSET 
l1l4B9 EB 
799 
XCHG 
;SAVE HL IN IE 
l1l4BA2AE3l1lF 
791 
LALC 
TOPAD 
;GET TOP ADm~s 
IN H AND L 
l1l4BD19 
792 
DAD 
D 
;GET DISPLACED ADDR~S 
04BE 
ffi 
793 
XCHG 
;SAVE IT 
IN D 
l1l4BF 2130F0 
794 
LXI 
H,0F030H 
;'lW05 CO'IPLEl.,EN'r SCREEN LOCATION 
l1l4C2 19 
795 
Q\D 
D 
;SEE 
IF 
'lIE ARE OFF THE SCREEN 
l1l4C3 Q\C811l4 
796 
JC 
FIX 
;IF 
'lIE ARE FIX 
IT 
1Il4C6 EB 
797 
XCHG 
;GET DISPLACED ADmESS 
BACK 
1Il4C7 C9 
798 
RET 
;GO BPCK 
l1l4C8 213I1lF8 
799 
FIX: 
LXI 
H,0F830H 
;SCREEN BCUlffiV 
l1l4CB 19 
8 IIIIII 
DAD 
D 
;AnJUST 
SCREEN 
1Il4CCC9 
81111 
RET 
;GO BACK 
802 
; 
803 
;THIS 
ROlJI'INE ADa> .'rHE X CLRSCR LOCATION TO 'fHE ADDR~S 
81114 
;THAT IS 
IN THE H AND L RFX;ISTERS AND RE'roRNS 'mE 
R~ULT 
81115 
;IN 
H AND L 
806 
f.o&. 
l1l4CD 3AE29F 
807 
ADX: 
CLRSX 
;GET CURSOR 
l1l4DIIl1Il611l1ll 
811J8 
I<lVI 
B,1Il0H 
;ZERO B 
l1l4D2 4F 
81119 
MOV 
~,A 
; PUT CURSOR X IN C 
l1l4D3 l1l9 
81 III 
DAD 
; ADD CLRSOR X TO H AND L 
1Il4D4C9 
811 
RET 
; LEAVE 
812 
;'fHIS 
TABLE CON'rAINS THE OFFSET ADmESSES 
FOO EACH 
813 
814 
;OF 
THE 25 DISPLAYED LINES. 
815 
trNN l1'I SET l1l 
l1l1lll1l1ll 
816 
LIN'TAB: 
817 
REPl' 
(CLRBOT+l) 
818 
fJfi 
TPDIS+ (LNGl'H*LINNU'I) 
819 
LINNlJ'oI SET 
(LINNIJ'I+1) 
82l1l 
ENO-I 
04D5 
001118 
821+ 
fJfi 
TPDIS+~LNGTH*LINNU~) 
IIIIIIIII1 
822+ 
LINNLM SET 
(LI 
. lJ'oI+l) 


1Il4D7 501118 
823+ 
fJfi 
TroIS+ ~NGfH*LINNU'I) 
l1l092 
824+ 
LINNU'I SET iLl 
LM+ll 
1Il4D9Al1l08 
825+ 
fJfi 
TPD S+~LNGTH LINNU'I) 
l1ll1ll1l3 
826+ 
LINNUM SET iLl 
lJ'oI+1) 
l1l4DBFl1l1ll8 
827+ 
fJfi 
TPD S+ (LNGTH*LINNU'I) 
l1l004 
828+ 
LINNlJ'oI SET iLINNll'I+ll 
l1l4DD 49l1l9 
829+ 
fJfi 
TPD S+~LNGTH LINNU'I) 
l1l095 
830+ 
LINNl1'I SET iLl 
. lJ'oI+ll 
04DF 9009 
831+ 
fJfi 
TPD S+(LNGTH LINNU'I) 
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l/ll/ll1J6 
832+ 
LINNU'I SET iLINNLM+1l 
l/l4E1 El/ll/l9 
833+ 
OW 
TPD S+ (LNGrH LINNU'\) 
l/ll/ll/l7 
834+ 
LINNLM SET iLINNlM+1) 
l/l4E3 3l/ll1JA 
835+ 
OW 
TPD S+(LNGrH*LINNU'I) 
l/ll/ll/l8 
836+ 
LINNLM SET iLINNUM+1l 
l/l4E5 8l/ll/lA 
837+ 
DW 
TPD S+(LNGI'H 
LINNU'\) 
l/ll1Jl/l9 
838+ 
LINNU'I SET lLINNLM+1~ 
l/l4E7 Dl/l1'lA 
839+ 
OW 
TPD S+(LNGrH 
LINNU'1) 
l/ll/ll/lA 
84l/l+ 
LINNlJ'! SET lLINNU'1+1~ 
l/l4E9 2l/ll/lB 
841+ 
OW 
TPD S+~NGrH 
LINNU'I) 
l/ll/lrilB 
842+ 
LINNUM SET iLl 
lJ'!+ll 
ril4EB 7rilrilB 
843+ 
DW 
TPD S+~NGrH 
LINNU'I) 
rill/ll1JC 
844+ 
LINNllM SET iLl 
U:'I+1) 
ril4ED Crill1JB 
845+ 
OW 
TPD S+~LNGTH*LINNll'1) 
l/lrilrilD 
846+ 
LINNUM SET iLl 
LM+ll 
ril4EF 1rilOC 
847+ 
DW 
'rPD S+ (LNGrH LINNU'1) 
l/ll/lrilE 
848+ 
LINNU'1 SET iLINNU'I+11 
l/l4F1 6l/ll1JC 
849+ 
OW 
TPD S+ (LNGrH*LINNU'I) 
l/ll/ll/lF 
85l/l+ 
LINNlJ't SET iLINNlJ'!+ll 
l/l4F3 BrilOC 
851+ 
DW 
TPD S+ (LNGrH*LINNU'I) 
l/ll/l1l/l 
852+ 
LINNLM SET iLINNlJ't+1l 
l/l4F5 l/ll1JrilD 
853+ 
OW 
TPD S+(LNGI'H 
LINNU'\) 
l/lrill1 
854+ 
LINNU'I SET iLINNlJ'!+ II 
ril4F7 5l1Jl/lD 
855+ 
DW 
TPD S+(LNGrH 
LINNU'1) 
rill1J12 
8511+ 
LINNUM SET iLINNU'I+ll 
l/l4F9 A0l1JD 
857+ 
OW 
TPD S+(LNGrH 
LINNU'1) 
l/ll/l13 
858+ 
LINNUM SET iLINNlJ'!+ll 
l/l4FB FlIJOO 
859+ 
OW 
TPD S+(LNGTH LINNU.'1) 
rill1J14 
85l1J+ 
LINNll'l 
SET lLINNlJ'I+1~ 
l/l4FD 4rill/lE 
861+ 
DW 
TPD S+ (LNGl'H LINNU'I) 
l/lril15 
852+ 
LINNUM SET 1LINNlJ'!+ll 
l/l4FF 9l1JrilE 
853+ 
OW 
"TPD S+~LNGl'H LINNU"I) 
rill/l16 
854+ 
LINNU'I SET iLl 
lJ'!+11 
l/l5ril1 ErilrilE 
81)5+ 
DW 
Tro 
S+~LNGI'H*LINNllM) 
l1Jrill? 
866+ 
LINNUM SET iLl 
lJ'!+11 
ril5l1J33l1Jl/lF 
81)7+ 
DW 
TPD S+ (LNGrH*LINNU'1) 
l/lril18 
858+ 
LINNllM SET iLINNLM+1l 
l/l505 
8l1Jl1JF 
859+ 
DW 
'TPD S+ (LNGrH LINNU'1) 
l/ll/l19 
87ril+ 
LINNllM SET 
(LINNU'\+l) 
871 
; 
872 
;KEYl3QI\RD LOOKUP TABLE 
873 
;THIS 
TABLE CONl'AINS ALL THE ASCII 
CHARACTERS 
874 
; THAT ARE 'l'RANSMITTED BY THE TERMINAL 
875 
;THE CHARAC'rERS ARE CRGANIZED SO 'rHAT BITS 
l/l,1 AND 2 
876 
;ARE THE SCA"l UNES, 
BITS 
3{;4 AND 5 ARE THE RETURN LINES 
877 
;BIT 
6 IS 
SHIFT 
AND BIT 
7 
I 
CONT~OL 
878 
be 
l/l507 38 
879 
KYLKUP: 
38H,39H 
;8 
AND 9 
l/l5l1J839 
ril5l1J93l/l 
88l/l 
DB 
3rilH,2DH 
;l/l AND - 
l/l5l1JA2D 
l/l5l1JB3D 
881 
DB 
3DH,SCH 
;= AND \ 
l/l5l1JCSC 
l/l5rilDril8 
882 
DB 
l/l8H,l/ll1JH 
;BS AND BREAK 
l/l5l/lE rill/l 
l/l5l/lF 75 
883 
DB 
75H,69H 
; LDWERCASE U AND I 
l/l51l/l 69 
l/l;1~ 
6F 
884 
DB 
6FH,7rilH 
; LDWERCASE 0 AND P 
l/l17l1J 
l/l513 56 
885 
DB 
56H,SCH 
; [ AND \ 
l/l514 
SC 
ril515 I'lA 
886 
DB 
I'lAH,7FH 
;LF 
AND DELETE 
l/l516 7F 
l/l5176A 
887 
DB 
GAH,6BH 
;LDWER CASE J AND K 
l/l518 6B 
l/l519 5C 
888 
DB 
6CH,3BH 
; LDWERCASE L AND 
l/l51A 3B 
ril51B 27 
889 
DB 
27H,l/lrilH 
; I AND NO'rHING 
l/l51C l/ll1J 
l/l51O l/lD 
89ril 
DB 
rilDH,37H 
;CR AND 7 
ril51E 37 
l/l51F 6D 
891 
DB 
6DH,2CH 
; LDWERCASE M AND CO't'!A 
l1J52l/l2C 
l/l521 2E 
892 
DB 
2EH,2FH 
;PERIOD 
A"lO SLASH 
l/l522 2F 
l/l523 l1Jril 
893 
DB 
rilrilH,rill1JH 
;BlANK AND NO'rHING 
l/l524 rill/l 
l/l525 l/ll1J 
894 
DB 
l1JrilH,l/ll1JH 
;NOTHING AND NO'rHING 
l/l526 l1Jl1J 
l/l527 rill1J 
895 
DB 
l1Jl1JH,61H 
;NOTHING AND LDWERCASE A 
l/l528 61 
l/l529 7A 
895 
DB 
7AH,78H 
; LDWERCASE Z AND X 
l/l52A 78 
l/l52B 63 
897 
DB 
63H,711H 
; LONER CASE C AND V 
l/l52C 76 
l/l52D 62 
898 
DB 
52H,6EH 
; LONER CASE B AND N 
l/l52E 6E 
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052F 79 
899 
DB 
79H,0"H 
; LCl'IER CASE Y AND NarHING 
0530 
00 
0531 
00 
9"" 
DB 
"0H,20H 
;NOrHING AND SPACE 
0532 
20 
0533 64 
9"1 
DB 
64H,61';H 
; LCl'IER CASE 0 AND F 
0534 
66 
0535 
67 
902 
DB 
57H,fi8H 
; LONER CASE G AND H 
0536 
6B 
0537 
00 
9"3 
DB 
01lH,71H 
; TAB AND LCl'IER CASE Q 
0538 
71 
05R 
77 
9"4 
DB 
77H,73H 
; LCl'IER CASE WANDS 
05 
73 
; LCl'IER CASE E AND R 
053B 65 
9"5 
DB 
65H,72H 
053C 72 
0530 
74 
906 
DB 
74H,0"H 
; LCl'IER CASE T AND NOTHING 
053E 0" 
; ESCAPE AND 1 
"53F 
18 
9"7 
DB 
IBH,31H 
0540 
31 
0541 
32 
908 
DB 
32H,33H 
2 AND 3 
"542 
j3 
; 
4 AND 5 
0543 
4 
9"9 
DB 
34H,35H 
0544 
35 
0545 
36 
910 
DB 
36H,01lH 
; 
6 AND OOTHING 
0546 
"" 
0547 
2A 
911 
DB 
2AH,28H 
;* AND ) 
0548 
28 
0549 
29 
912 
DB 
29H,5FH 
; ( AND- 
054A 
5F 
;+ AND NOTHING 
054B 
28 
913 
DB 
28H,00H 
054C 00 
0540 
08 
914 
DB 
"8H,0"H 
; BS MID BREAK 
054E 0" 
054F 
55 
915 
DB 
55H,49H 
;U AND I 
055" 
49 
0551 
4F 
916 
DB 
4FH,5"H 
;0 
AND P 
"552 
5" 
0553 
50 
917 
DB 
500,00H 
; 1 AND NO CHARACTER 
0554 
00 
0555 0A 
918 
DB 
0AH,7FH 
; LF AND DELETE 
0556 IF 
4AH,4BH 
0557 
A 
919 
DB 
;J AND K 
0558 
4B 
0559 4C 
921'1 
DB 
4CH,JAH 
;L 
AND : 
05SA JA 
055B 22 
921 
DB 
22H,00H 
;" 
AND NO CHARACTER 
055C 00 
0550 00 
922 
DB 
000,26H 
;CR AND & 
1'155E26 
055F 
40 
923 
DB 
4DH,3CH 
;M AND < 
0560 
3C 
0561 
3E 
924 
DB 
3EH,3FH 
;> AND? 
0562 
3F 
0563 
"" 
925 
DB 
0"H,0"H 
;BIANK 
AND NarHING 
0564 
00 
0565 00 
926 
DB 
00H,00H 
;NarHING 
AND NarHING 
0566 
0" 
" 
0567 
00 
927 
Dt3 
0"H,41H 
; NarHING AND A 
0568 
41 
0569 
5A 
928 
DB 
SAH,58H 
;z 
AND X 
056A 58 
056B 43 
929 
DB 
43H,55H 
;C AND V 
056C 56 
0560 
42 
930 
DB 
42H,4EH 
, ;B 
AND N 
056E 4E 
056F 
59 
931 
DB 
59H,00H 
; Y AND NarHING 
0570 
00 
0571 00 
932 
DB 
01'1H,21'1H 
;NO CHARACTERAND SPACE 
0572 
20 
0573 44 
933 
DB 
44H,46H 
;0 
AND F 
0574 46 
0575 
47 
934 
DB 
47H,48H 
;G AND H 
0576 
48 
0577 
00 
935 
DB 
00H,51H 
;TAB AND Q 
0578 
51 
0579 57 
936 
DB 
57H,53H 
;W AND S 
057A 53 
057B 45 
937 
DB 
45H,52H 
;E AND R 
057C 52 
0570 
54 
938 
DB 
54H,01'1H 
;'r 
AND NO CONNECTION 
057E 00 
057F 
18 
939 
DB 
1BH,21H 
;ESCAPE AND 
0580 
21 
0581 
40 
940 
DB 
40H,23H 
;@ AND • 
0582 
23 
0583 
24 
941 
DB 
24H,25H 
;$ AND % 
0584 
25 
0585 
5E 
942 
DB 
5EH,00H 
; 
A AND NO C~ECTION 
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9586 
99 


943 
~THIS IS WHERETHE CONl'ROL CHARACTERSARE LOOKEDUP 
944 
945 
be 
;NOTHING 
9587 99 
946 
99H,99H 
9588 
99 


;NOTHING 
9589 99 
947 
DB 
99H,99H 
95eA 99 
958B 99 
948 
DB 
99H,99H 
; NOTHING 
95ac 
99 


;NOTHING 
9580 99 
949 
DB 
"''''H,''''''H 


"'58E "'''' 
;CONTROL U AND I 
"'58F 
15 
95'" 
DB 
15H,"'9H 
959'" 
99 


;CONTROL 0 AND P 
9591 
9F 
951 
DB 
"'FH,19H 
"'592 
1'" 
;COI'll'ROL [ AND \ 
9593 
9B 
952 
DB 
"'BH, filCH 
"594 
OC 


;LF 
AND DELETE 
"'595 
M 
953 
DB 
9AH,7FH 
"'596 
7F 


;CONTROL J AND K 
9597 "'A 
954 
DB 
MH,"'BH 
"'598 
"'B 


OCH,"''''H 
;CONTROL L AND NOTHING 
"'599 
filC 
955 
DB 


959A 9'" 


; NOTHING 
"'59B "'''' 
956 
DB 
"''''H,''''''H 
959C 9'" 


oCR AND NOTHING 
"590 
"'0 
957 
DB 
"'00, "'QJH 


"'59E "'''' 
"'59F 
l'lD 
958 
DB 
"'OO,"''''H 
;COI'll'ROL M AND COMMA 


"'5/1.'" "'''' 
"'SA1 9'" 
959 
DB 
"''''H,'''''H 
;NOTHING 
"'5/1.2 9'" 
95A3 9"'. 
969 
DB 
9"'H,"''''H 
;NOTHING 


"'5/1.4 "'" 
9SA5 "'''' 
961 
DB 
"''''H,''''''H 
;NOTHING AND NO'rHING 


"5/1.6 "'" 


;CONTROL Z AND X 
9SA7 1A 
962 
DB 
lAH,18H 
95A8 18 
9SA9 93 
963 
DB 
93H,16H 
;COI'll'ROL C AND V 
95/I.A 16 
95AB 92 
964 
DB 
92H,"'EH 
; CONTROLB AND N 
9SAC 9E 
9SAD 19 
965 
DB 
19H,99H 
;CONl'ROL Y AND NOTHING 
95/1.E99 
95AF 99 
956 
DB 
99H,2"'H 
;NOTHING AND SPACE 
9589 
29 
"'5B1 04 
957 
DB 
"'4H,95H 
;CONrROL 0 AND F 
9582 
06 
95B3 
07 
958 
DB 
"'7H,"'8H 
;COI'll'ROL G AND H 
9584 
08 
05B5 013 
969 
DB 
13"'H,l1H 
;NOTHING AND CONrROL Q 
135B6 11 
9587 
17 
9713 
DB 
17H,13H 
;CONrROL WANDS 
9588 
13 
05B9 06 
971 
DB 
06H,l2H 
;CONTROL E AND R 
058A 12 
9588 
14 
972 
DB 
14H,0QJH 
;CONTROLW AND NOTHING 
"58C 
9" 
"5BO 1B 
973 
DB 
1BH,10H 
;ESCAPE AND HOME(CREDIT) 
"58E 
10 
"5BF 
IE 
974 
DB 
1EH,lCH 
;ClRS<R 
UP AND !D'IN(CREDIT) 
"~,, 
1C 
9~1 
14 
975 
DB 
14H,lFH 
;ClRSffi 
RIGHT AND LEFT(CREDIT) 
9~2 
IF 
9~3 
99 
976 
DB 
130H,13AH 
;NO'rHING 
9~4 
"A 


977 
~LOOK UP TABLE FOO 
978 
8253 BAUD RATE GENERA'roR 
979 
&3 
9~5 
913 
98'" BOCK: 
A13H,95H,69H,93H 
;75 
AND 119 BAUD 
9~6 
95 
13SC769 
9~8 
"3 
"SC98" 
981 
DB 
813H,"2H,40H,A1H 
; 150 AND 3"0 
BAUD 
"~A 
02 
0SC6 40 
05CC "1 
0~0 
A0 
982 
DB 
0A0H,""H 
;600 
BAUD 
"~E 
00 
0SCE' 50 
983 
DB 
5"H,"0H 
;120" 
BAUD 
050" 
00 
0501 28 
984 
DB 
28H,0"H 
;2400 
BAUD 
"502 
00 
0503 
14 
985 
DB 
14H,00H 
;480'" 
BAUD 
0504 
0" 
0505 0A 
986 
DB 
0AH,013H 
;91';"'" BAUD 
"506 
00 
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~~~1 
~~~2 
~~02 
00~1 
0~~2 
~0~1 
0~~1 
~001 
~0~1 
~~~1 
0001 
0~~1 
~001 


lSffiSYMBO£S 
ADX 
A 
~4CD 


CAPLOC A ~22E 
CLRLIN 
A ~327 


CN'll'! 
A 60~3 


ClfrtSX 
A 0FE2 


FMFD 
A 03CA 


KEYrwN A ~FEA 
KYLKUP A ~507 
LNFD 
A 03F6 
LPKBD 
A ~098 


POPDll.T A 0034 
RXlIDY 
A ~113 


S'ffiAUD 
A 000C 


UP1 
A 01E9 


992 
CURSX: 
Il3 
993 
TOPAD: 
00 
994 
LOC80: 
Il3 
995 
USCHR: 
00 
996 
CURAO: 
00 
997 
KEYDtIN: 
Il3 
998 
KBCHR: 
Il3 
999 
BAUD: 
00 


1~0~ 
KEYOK: 
00 
1001 
ESCP: 
Il3 
1~02 
SOCON: 
Il3 
1~~3 
RETUN: 
Il3 
10~4 
SCNUN: 
00 
1005 
END 


ARND 
A 0460 
CGKT 
A ~3AD 
CLRST 
A ~2D5 
CN'tID55 
A 
1803 
CURSY 
A 0FE1 
FAA'IE 
A 0167 
KEYINP 
A 0121 
£AST 
A 
~F00 
. 


LNFD1 
A 03FC 
NOVER 
A 0380 
PORTA 
A 
1800 
SAVKEY A 
1il1AF 
STKEY 
A 0223 


UPCUR 
A 0333 


_APPLlC6TlnN~ 
1 
2 
21 
2 
11111111 


BAlfD 
A 0FEC 
CHREC 
A 1il24E 
Cl.SCR 
A 03E4 
CON:;L 
A 02FD 
lXMN 
A Iil2AE 


G018 
A 0359 


KEYOK 
A 0FEO 
LOCUK 
A 03B8 
rnGTH 
A 0050 
NTOVER A 0364 
POrl'm 
A 1801 
SCNLIN 
A 0FFl 
STPTR 
A 0FE0 


USCHR 
A 
0FE7 


BOLI< 
A 05C5 
CHRPlJf A 0477 
CN'f0 
A '>1il0~ 
CR'lM 
A 1001il 
ESCP 
A IilFEE 
HCl'IE 
A 0397 
KEYS 
A 0131 
LEFT 
A 03f;E 
LOAOX 
A 03EF 
OK1 
A 
1il49C 
PORTe 
A 1802 
SCR 
A 0211 
TOPAD 
A 0FE3 
U5TD 
A A000 


BTDIS 
A 0F80 


CLE.lI.R 
,1\ 02CF 
CNT1 
A '>QHll 
CRTS 
A 
1001 
ESKAP 
A 03A5 
IN75 
A 00F9 
KPTK 
A 0084 
LINNUM A 0019 
UJC80 
A 0FE5 
OK7 
A 015C 
RDKB 
A 018F 
SETUP 
A 010F 
TPDIS 
A 0800 


US'W 
A M01 


BYPASS A 008F 
CLLINE 
A 0415 
CNT2 
A '>002 
CURAD 
A 0FE8 
ESSQ 
A 0278 
INT75 
A 
1401 
KYCIN:; 
A 018A 
LINTAB 
A 0405 
LOOPF 
A 00A7 
ONBOf 
A 0453 
RETUN 
A 0FF0 
SOCON 
A 0FEF 
TRANS 
A I1l4B 


AppenUIX 


Description 


8251A 
Programmable 
Communication 
Interface 


8256 
MUART -Multifunctional 
Asynchronous 
Receiver/Transmitter 


8273 
Programmable 
HDLC/SDLC 
Protocol 


Controller 


8274 
Dual Channel Multiprotocol 
Controller 
Ethernet 
Local Area Network Communications 
8291 
GPIB (IEEE 488) Talker/Listener 


8292 
GPIB Controller 
8293 
GPIB Transceiver 


Magnetics 


7220 
Bubble Memory Controller 


7230 
Current Pulse Generator 
for Bubble 


Memories 


Dual Formatter/Sense 
Amp for Bubble 


Memories 


Coil Pre-Driver for Bubble Memories 
Quad VMOS Drive Transistors 
for Bubble 


Memories 


7250 
7254 


Slave Processors 
(Universal Peripheral Interface) 


8041A 
Universal Peripheral Interface IK ROM 


8042 
Universal Peripheral 
Interface 2K ROM 


RUPI 
Remote Universal Peripheral Interface 
4KROM 


8741A 
Universal Peripheral Interface lK EPROM 


8742 
Universal Peripheral Interface 2K EPROM 


Special Function Slave Processors 


8231A 
Arithmetic Processing Unit 


8232 
Floating Point Processor 


8243 
I/O Expander for 8041A 


8278 
Keyboard Controller 


8294 
Data Encryption Unit 


8295 
Dot Matrix Printer Controller 


DRAM Memory Controllers 


8202A 
4K/16K Dynamic RAM Controller 


8203 
16K/64K Dynamic RAM Controller 


8206 
Error Correction Unit 


Timer Counters/Parallel 
I/O/ 


Keyboard Controllers 


8253 
Programmable 
Interval Timer 


8254 
High Performance 
Programmable 
Interval 
Timer 


Description 


8255 
Programmable 
Peripheral Interface (see 


also 8155, MCS 85 support; 8256 Data 
Com. for parallel I/O) 


8279 
Keyboard/Display 
Interface (see also 


8278-Slave 
Processors) 


Math Processors 
8231A 
Arithmetic Processing Unit 


8232 
Floating Point Processor 


Floppy Disk Controllers 


8271 
Programmable 
Floppy Disk Controller 


8272 
Single/Double 
Density FDC 


Display Controllers 


8275 
Programmable 
CRT Controller 


8276 
Small System CRT Controller 


GDC 
Graphics Display Controller 
(see also 


8279 in Timer Counters/Parallel 
1/0/ 


Keyboard Controllers) 


DMA Controllers/Interrupt 
Controllers 


8237 


8257 
8259A 


High Performance 
Programmable 
DMA 


Controller 
Programmable 
DMA Controller 
Programmable 
Interrupt 
Controller (see 


also 8256 Data Com. section for 
interrupt controllers) 


MCS 80 Bipolar Support 


8216/8226 
4-Bit Parallel Bidirectional Bus Driver 


8218 
Bus Controller 
8224 
Clock Generator 
8228/8238 
System Controller and Bus Driver 


MCS 85 Bipolar Support 


8212 
8-Bit Input/Output 
Port 


8219 
Bus Controller 


iAPX 88, 86 Bipolar Support 


8282/8283 
Octal Latches 
8284A 
Clock Generator 
8286/8287 
Octal Bus Transceivers 
8288 
Bus Controller 
8289 
Bus Arbiter 


Muxed, Memory/I/O 
Components 
for 
MCS 85, iAPX 88 


8155/8156 
2048-Bit Static MOS RAM with I/O 


Ports and Timer 
8355/8755 
16,384-Bit ROM with I/O 


